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Regulated Apoptosis 

5 Technical Field 

This invention concerns materials, methods and applications relating to 
the oligomerizing of chimeric proteins with a dimeric or multimeric, preferably 
non-peptidic, organic molecule. Aspects of the invention are exemplified by 
recombinant modifications of host cells and their use in gene therapy or other 
10 applications of inducible gene expression. 

Introduction 

Biological specificity usually results from highly specific interactions 
among proteins. This principle is exemplified by signal transduction, the 

15 process by which extracellular molecules influence intracellular events. Many 
pathways originate with the binding of extracellular ligands to cell surface 
receptors. In many cases receptor dimerization leads to transphosphorylation 
and the recruitment of proteins that continue the signaling cascade. The 
realization that membrane receptors could be activated by homodimerization 

20 resulted from the observation that receptors could be activated by antibodies 
that cross linked two receptors. Subsequently, many receptors were found to 
share those properties. The extracellular and transmembrane regions of many 
receptors are believed to function by bringing the cytoplasmic domains of the 
receptors in close proximity by a ligand-dependent dimerization or 

25 oligomerization, while the cytoplasmic domains of the receptor convey specific 
signals to internal compartments of the cell. 

Others have investigated ligand-receptor interactions in different 
systems. For example, Clark, et al., Science (1992) 258, 123 describe 
cytoplasmic effectors of the B-cell antigen receptor complex. Durand, et al., 

30 Mol. Cell. Biol. (1988) 8, 1715, Verweij, et al., J. Biol. Chem. (1990) 265, 15788 
and Shaw, et al., Science (1988) 241, 202 report that the NF-AT-directed 
transcription is rigorously under the control of the antigen receptor. Inhibition of 
NF-AT-directed transcription by cyclosporin A and FK506 is reported by 
Emmel, et al., Science (1989) 246, 1617 and Flanagan, et al., Nature (1991) 352, 

35 803. Durand, et al., Mol. Cell. Biol. (1988) 8, 1715 and Mattiia, et al., EMBO J. 
(1990) 9, 4425 describe the NF-AT binding sites. References describing the 
£ chain include Orloff, et al., Nature (1990) 347, 189-191; Kinet, et al., Cell 
(1989) 57, 351-354; Weissman, et al., Proc Natl. Acad. Sci. USA (1988) 85, 
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9709-9713 and Lanier, Nature (1989) 342, 803-805. A CD4 immunoadhesin is 
described by Byrn, et aL Nature (1990) 344, 667-670. A CD8-£ -fused protein is 
described by Irving, et al., Cell (1992) 64, 891. See also, Letourner and 
Kausner, Science (1992) 255, 79. 
5 Illustrative articles describing transcriptional factor association with 

promoter regions and the separate activation and DNA binding of transcription 
factors include: Keegan et al., Nature (1986) 231, 699; Fields and Song, ibid 
(1989) 340, 245; Jones, Cell (1990) 61, 9; Lewin, Cell (1990) 61, 1161; Ptashne 
and Gann, Nature (1990) 346, 329; Adams and Workman, Cell (1993) 72, 306. 
10 Illustrative articles describing vesicle targeting and fusion include: ' 

Sollner et al. (1993) Nature 362, 318-324; and Bennett and Scheller (1993) Proc. 
Natl. Acad. Sci. USA 90, 2559-2563. 

Illustrative articles describing regulated protein degradation include: 
Hochstrasser et al (1990) Cell 61, 697; Scheffner, M. et al (1993) Cell 75, 495; 
15 Rogers et al (1986) Science 234, 364-368. 

Illustrative publications providing additional information concerning 
synthetic techniques and modifications relevant to FK506 and related 
compounds include: GB 2 244 991 A; EP 0 455 427 Al; WO 91/17754; EP 0 
465 426 Al, US 5,023,263 and WO 92/00278. 

Illustrative publications concerning the Fas antigen, p55 TNF receptor 
(hereinafter 'TNF receptor") and/or apoptosis include: Itoh, et al. (1991) Cell 
66, 233-243; Nagata, et al., European Patent Application Publication No. 510 
691 (1992); Suda et al, Cell (1993), 75(6), 1169-78; Oehm, et al., J Biological 
Chen, (1992) 267(15), 10709-10715; and Wong and Goeddel, J Immunol 
25 (1994),152(4), 1751-5. 

Illustrative discussion of methods and materials for gene therapy is 
found in Chapter 28 of Watson, Gilman, Witkowski and ZoUer, RECOMBINANT 
DNA, 2d edition (WH Freeman & Co, 1992) and in references cited in the 
bibliography therein, especially on pp 564-565. 

However, as will be clear from this disclosure, none of the foregoing 
authors describe or suggest the present invention. Our invention, which is 
disclosed in detail hereinafter, involves a generally applicable method and 
materials for utilizing protein homodimerization, heterodimerization and 
oligomerization in living cells. (As used herein, the terms oligomer, oligomerize 
and oligomerization encompass dimers, trimers and higher order oligomers and 
their formation.) Chimeric responder proteins are intraceUularly expressed as 
fusion proteins with a specific receptor domain. Treatment of the cells with a 
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cell permeable multivalent ligand reagent which binds to the receptor domain 
leads to dimerization or oligomerization of the chimera. In analogy to other 
dumeric receptors (see e.g. Weiss, Cell (1993) 73, 209), the chimeric proteins are 
designed such that oligomerization triggers cell death, and in certain 
5 «*°*™^ 

mtraceUular signal via subsequent protein-protein interactions and thereby the 
activation of a specific subset of transcription factors. The initiation of 
transcription can be detected using a reporter gene assay. Intracellular 
crosslmking of chimeric proteins by synthetic ligands has potential in basic 
10 investigation of a variety of cellular processes, in regulatably initiating cell death 
m engineered cells and in regulating the synthesis of proteins of therapeutic or 
agricultural importance. Furthermore, ligand mediated oligomerization now 
permits regulated gene therapy. In so doing, it provides a fresh approach to 
increasing the safety, expression level and overall efficacy obtained with gene 
15 therapy. e 
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Summary Of The Invention 

This invention provides materials and methods for the genetic 
engineering of host cells to render the cells and their progeny susceptible, in a 
regulated fashion, to programmed cell death (apoptosis). This invention is 
useful as a means for eliminating a population of engineered cells, whether 
growing in culture or in vivo, and thus provides, inter alia, a fail-safe mechanism 
for genetically engineered cells used in gene therapy. 

The invention involves novel chimeric (or "fused") proteins, DNA 
constructs encoding them, and ligand molecules capable of oligomerizing the 
chimeric proteins. The chimeric proteins contain at least one ligand-binding (or 
"receptor") domain fused to an action domain capable of initiating apoptosis 
within a cell, as described in detail below. As will also be described, the 
chimeric proteins may also contain additional domains. These chimeric proteins 
are recombinant in the sense that the various domains are derived from different 
sources, and as such, are not found together in nature (i.e., are heterologous). 

This invention provides DNA molecules ("constructs") which encode the 
novel chimeric proteins and which may be used for the genetic engineering of - 
host cells. These constructs are recombinant in the sense that the component 
portions, e.g. encoding a particular domain or expression control sequence are 
not found directly linked to one another in nature. Also provided are methods 
and compositions for producing and using the modified cells. 
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To produce the mdofied cells one introduces DNA encoding the desired 
chimera(s) into selected host cells. This may be accomplished using conventional 
vectors (various examples of which are commercially available) and techniques. 
If desired, the modified cells may then be selected, separated from other cells 
5 and cultured, again by conventional methods. 

The oligomerizing ligands useful in practicing this invention are capable 
of binding to two (or more) of the receptor domains, i.e. to two or more chimeric 
proteins containing such receptor domains. The oligomerizing ligand may bind to 
the chimera in either order or simultaneously, preferably with a Kd value below 
10 about 10-6, more preferably below about 10" 7 , even more preferably below 
about lO" 8 , and in some embodiments below about 10" 9 M. The ligand 
preferably is a non-protein and has a molecular weight of less than about 5 kDa. 
The receptor domains of the chimeric proteins so oligomerized may be the same 
or different The chimeric proteins are capable of initiating apoptosis of their 
15 host cell upon exposure to the ligand, i.e., following ohgomerization of the 

chimera. Thus, apoptosis of genetically engineered cells of this invention occurs 
following exposure of the cells to a ligand capable of oligomerizing the chimera. 
Said differently, genetically engineered cells of this invention contain chimeric 
proteins as described above and are responsive to the presence of a ligand 
20 which is capable of oligomerizing those chimera. That responsiveness is 
manifested by the initiation of cell death. 

The encoded chimeric protein may further comprise an intracellular 
targeting domain capable of clirecting the chimeric protein to a desired cellular 
compartment. The targeting domain can be a secretory leader sequence, a 
membrane spanning domain, a membrane binding domain or a sequence 
directing the protein to associate with vesicles or with the nucleus, for instance. 

The action domains of the chimeric proteins may be selected from any of 
the proteins or protein domains (preferably of human origin or sequence) which 
trigger apoptosis upon crosslinking, including, for example, the cytoplasmic 
30 domain of the Fas antigen. 

As discussed in greater detail later, and by way of example, in various 
embodiments of this invention the chimeric protein is capable of binding to an 
FK506-type ligand, a cyclosporin A-type ligand, tetracycline or a steroid 
ligand. Such binding leads to ougomerization of the chimeric protein with other 
35 chimeric protein molecules which may be the same or different. 

In addition to the constructs) encoding the chimera described above (the 
"primary" chimera), the cells may optionally further contain additional 
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into a host cell in association with the target gene. In other embodiments tre 
construct contains a desired gene and flanking DNA sequence from a target 
locus permitting the homologous recombination of the target gene into the 
desired locus. (See e.g., Mansour et al, 1988, Nature 336, 348^352 and 
subsequent papers by M. Capecchi et al.) The construct may also contain the 
responsive transcriptional control element, or the responsive element may be 
provided by the locus. The target gene may encode, e. g., a surface membrane 
protein, a secreted protein, a cytoplasmic protein or a ribozyme or an antisense 
sequence. 

The constructs of this invention may also contain a selectable marker 
permitting transfection of the constructs into host cells and selection of 
transfectants containing the construct This invention further encompasses DNA 
vectors containing the various constructs described herein, whether for 
introduction of the constructs into host cells in tissue culture or for ' 
15 administration to whole organisms for introduction into cells in vivo. In either 
case the construct may be introduced episomally or for chromosomal 
integration. The vector may be a viral vector, including for example an adeno-, 
adeno associated- or retroviral vector. 

This invention further encompasses a chimeric protein encoded by any of 
our DNA constructs, as well as cells containing and/or expressing them, 
including prokaryotic and eucaryotic cells and in particular, yeast, worm, insect, 
mouse or other rodent, and other mammalian cells, including human cells, of 
various types and lineages, whether frozen or in active growth, whether in 
culture or in a whole organism containing them. 

To recap, this invention provides cells, preferably but not necessarily 
mammalian, which contain a first DNA construct encoding a primary chimeric 
protein comprising (i) at least one receptor domain capable of binding to a 
selected oligomerizing ligand of this invention and (ii) another protein domain, 
heterologous with respect to the receptor domain, but capable, upon 
oligomerization with one or more other like domains, of triggering apoptosis of 
the cells. Following exposure of the cells to the selected ligand, programmed cell 
death ensues. 

In some embodiments, the cells, as just described, also contain one or 
more optional DNA constructs encoding one or more chimeric proteins 
comprising (i) at least one receptor domain capable of binding to a selected 
oligomerizing ligand of this invention and (ii) another protein domain, 
heterologous with respect to the receptor domain, but capable, upon 
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oUgomerization of these optional chimera, of triggering (directly or indue try) 
the activation of transcription of a target gene under the transcriptional control 
of a transcriptional control element responsive to said oligomerization. The cells 
will usually also contain a target gene under the expression control of a 
> transcriptional control element responsive to said oUgomerization Ugand 

Following exposure to the selected ligand the target gene is expressed. Again, the 
Ugand capable of oUgomerizing the primary chimera and the ligand(s) capable of 
oUgomerizing the optional chimera should be orthogonal. 

In other embodiments, the cells of this invention also contain a DNA 
construct encoding a first optional chimeric protein containing a DNA-binding 
domain and at least one receptor domain capable of binding to a first selected 
ligand moiety. The cells further contain a second optional chimeric protein 
containing a transcriptional activating domain and at least one receptor domain 
capable of binding to a second selected ligand moiety (which may be the same 
or different from the first selected Ugand moiety). The cells additionally contain 
a DNA construct encoding a target gene under the transcriptional control of a 
heterologous transcriptional control sequence with a cognate binding site for the 
DNA-binding domain and which is responsive to the transcriptional activating 
domain such that the cell expresses the target gene following exposure to an 
oUgomerizing Ugand containing the selected Ugand moietyCies). 

DNA compositions useful for practicing aspects of the invention include 
those which encode the optional chimera. Those compositions comprise a first 
DNA construct encoding a chimeric protein comprising at least one receptor 
domain, capable of binding to a selected ligand, fused to a heterologous 
additional protein domain capable of initiating a biological process upon 
exposure to the oUgomerizing Ugand, i.e. imbn oUgomerization of the chimeric 
protein; and a second DNA construct encoding a target gene under the 
transcriptional control of a transcription control element responsive to the 
oUgomerization Ugand. 

Another exemplary DNA composition useful in practicing aspects of this 
invention comprises a first series of DNA constructs encoding a first and second 
chimeric protein and a second DNA construct encoding a target gene under the 
transcriptional control of an transcription control element responsive to the 
oUgomerization of the chimeric protein molecules. The DNA construct encoding 
the first chimeric protein comprises (a) at least one first receptor domain, 
capable of binding to a selected first Ugand moiety, fused to (b) a heterologous 
additional protein domain capable of initiating a biological process upon 
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[ensure to the oligomerization ligand, i.e. upon oligomerization of the fi * 
chimeric protein to a second chimeric protein molecule. The DNA construct 
encoding the second chimeric protein comprises (i) at least one receptor domain 
capable of binding to a selected second ligand moiety, fused to (ii) a 
heterologous additional protein domain capable of initiating a biological process 
upon exposure to the oligomerization ligand, i.e., upon oligomerization to the 
first chimericprotein. The first and second receptor moieties in such cases may 
be the same or different and the first and second selected ligand moieties may 
likewise be the same or different. 

Our ligands are molecules capable of binding to two or more chimeric 
protein molecules of this invention to form an oligomer thereof, and have the 
formula: 
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linker— {rbmi, rbm2, . . .rbmnJ 

wheremni S anmtegerfrom2toabout5,rbm {1H bm (n) arer^ 
moieties which may be the same or different and which are capable of binding to 
the chuneric protein( S ). The rbm moieties are covalently attached to a linker 
moiety which is a bi- or multi-functional molecule capable of being covalently 
hnked ("->') to two or more rbm moieties. Preferably the ligand has a molecular 
weight of less than about 5 kDa and is not a protein. Examples of such ligands 
mdude those in which the rbmmoieties are the same or different and comprise 
an FK506-type moiety, a cydosporin-type moiety, a steroid or tetracycline 
Cydosporin-type moieties indude cydosporin and derivatives thereof which are 
capable of binding to a cydophilin, naturally occurring or modified, preferably 
w,th a Kd value below about lO* M. In some embodiments it is preferred that 
the hgand bind to a naturally occurring receptor with a Kd value greater than 
about 10-OM and more preferably greater than about lO* M. Dlustrative ligands 
of tins invention are those in which at least one rbm comprises a molecule of 
FK506, FK520, rapamycin or a derivative thereof modified at C9, CIO or both 
which ligands bind to a modified receptor or chimeric molecule containing a 
modified receptor domain with a Kd value at least one, and preferably 2 and 
more preferably 3 and even more preferably 4 or 5 or more orders of magnitude 
less than their Kd values with respect to a naturally occurring receptor protein 
Lmker moieties are also described in detail later, but for the sake of illustration 
mdude such moieties as a C2-C20 alkylene, C4-C18 azalkylene, C6-C24 N- 
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alkylate azalkylene, C6-C18 arylene, C8-C24 ardialkylene or C8-C36 bis- 
carboxamido alkylene moiety. 

The monomelic rbm's of this invention, as well as compounds containing 
sole copies of an rbm, which are capable of binding to our chimeric proteins but 
5 «oteffectmgdiir^tionorrrigr^orderoligo 

monomeric nature of the individual rbm) are ougomerization antagonists. 

In an important aspect of this invention, genetically engineered cells of 
this invention can be grown together with other cells and can be selectively 
ablated from the mixture of cells by addition of an effective amount of an 
10 ougomerization ligand which corresponds to (i.e. is capable of binding to) the 
primary chimeric protein. Thus, contacting the cells with the oligomerization 
ligand triggers cell death in the engineered cells. For example, such cells may be 
permitted to produce an endogenous or heterologous product for some desired 
period, and may then be deleted by addition of the ligand. In such cases, the 
15 cells are engineered to produce a primary chimera in accordance with this 

invention. The cells, which may be further engineered to express a desired gene 
under ligand-induced regulation, may be grown in culture by conventional 
means. In that case, addition to the culture medium of the ligand for the 
optional chimera leads to expression of the desired gene and production of the 
20 desired protein. Expression of me gene and production of the protein can then 
be turned off by adding to the medium an ougomerization antagonist reagent, as 
is described in detail below. In other cases, production of the protein is 
constitutive. In any event, the engineered cells can then be eliminated from the 
ceU culture after they have served their intended purpose (e.g. production of a 
25 desired protein or other product) by adding to the medium an effective amount 
of the appropriate oligomerizing ligand to cause oligomerization of the primary 
chimera and induce apoptosis in the engineered cells. Engineered cells of this 
invention can also be used in vivo, to modify whole organisms, preferably 
animals, including humans, e.g. such that the cells produce a desired protein or 
30 other result within the animal containing such cells. Such uses include gene 

therapy. Alternatively, the chimeric proteins and oligomerizing molecules can be 
used extracellularly to bring together proteins which act in concert to initiate a 
physiological action. 

This invention thus provides materials and methods for selectively 
15 ablating cells in response to the addition of an oligomerizing ligand. The method 
involves providing cells engineered in accordance with this invention and 
exposing the cells to the ligand. 
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of engineered cells of this invention. likewise, this invention further 
encompasses a pharmaceutical composition comprising an oligomerization 
antagonist of this invention admixture with a pharmaceutical^ acceptable 
carrier and optionally with one or more pharmaceutical!)^ acceptable excipients 
for preventing or reducing, in whole or part, the level of oligomerization of 
chimeric proteins in engineered cells of this invention, in cell culture or in a 
subject, and thus for preventing or de-activating cell death in the relevant c£lls. 
Thus, the use of the oligomerization reagents and of the oligomerization 
antagonist reagents to prepare pharmaceutical compositions is encompassed by 
this invention. . .. 

This invention also offers a method for providing a host organism, 
preferably an animal, and in many cases a mammal, responsive to an 
oligomerization ligand of this invention. The method involves introducing into 
the organism cells which have been engineered ex vivo in accordance with this 
invention, i.e. containing a DNA construct encoding a chimeric protein hereof, 
and so forth. Alternatively, one can introduce the DNA constructs of this 
invention into a host organism, e.g. mammal under conditions permitting 
transfection of one or more cells of the host mammal in vivo. 

We further provide kits for producing cells susceptable to ligand- 
regulated apoptosis. One kit contains at least one DNA construct encoding one 
of our primary chimeric proteins, containing at least one receptor domain and an 
action domain (e.g., the cytoplasmic domain of Fas or of a TNF receptor, as 
described elsewhere). In one embodiment the DNA construct contains a 
conventional polylinker to provide the practitioner a site for the incorporation of 
cell-type specific expression control elements) (promoter and/or enhancer 
elements) to provide for cell-type or tissue-specific expression of one or more of 
the chimeras. The kit may contain a quantity of a ligand of this invention 
capable of oligomerizing the chimeric protein molecules encoded by the DNA 
constructs of the kit, and may contain in addition a quantity of an 
oligomerization antagonist, e.g. monomeric ligand reagent Where a sole chimeric 
protein is encoded by the construct(s), the oligomerization ligand is a homo- 
oligomerization ligand. Where more than one such chimeric protein is encoded, a 
hetero-oligomerization ligand may be included. The kit may further contain a 
additional DNA constructs encoding optional chimera and/or target gene 
constructs and /or a transcription control element responsive to oligomerization 
of the chimeric protein molecules. The DNA constructs will preferably be 
associated with one or more selection markers for convenient selection of 
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transfectants, as well as other conventional vector elements useful for • 
rephcationmproka^^^^ ^ 

selecuon markers may be the same or different for each different DNA 
5 such DNA constructs). "wis or 

For example, one kit of this invention contains a DNA construct 
encodmg a primary chimeric protein as described elsewhere; a first optional 
DNA construct encoding a chimeric protei* containing at least one receptor 
domam (capable of binding to a selected ligand), fused to a transcriptional 

contammg at least one receptor domain (capable of binding to a selected 
ugand), fused to a DNA binding domain; and a target gene DNA construct 
encodmgatarget gene under the control of a trar^criptional control element 

first and second optional chimeric proteins. 

centre, T™^ 7 '^^^ 
c^lofare^^^ 

mplaceofatargetgenetoprovideakitfbrengmeermgceUstoinducablv 

express a gene to be provided by the practitioner. 

Other kits of this invention may contain one or two (or more) DNA 
constructs for chimeric proteins in which one or more contain a cloning site in 
place of an action domain (transcriptional initiation signal generator 
transcnptional activator, DNA binding protein, etc.), permitting the user to 
m^wttchevera^ 

response expression control, oligomerization ligand, antagonist, etc 

^ of * eWte ^yako contain positive control cells which were stably 
transformed with constructs of this invention such that they express a reporter 
gene(forC^T,beta^ala™^ 

quanhfymg the expression of the reporter gene may also be provided. 

Brief Description Of The Figures 

Fig. 1 is a diagram of the plasmid P SXNeo/IL2 (IL2-SX). In NF-AT-SX 
the Hindlll-Clal DNA fragment from IU-SX containing the IL2 
enhancer/promoter, is replaced by a minimal IL-2 promoter conferring basal 
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traction and an inducible element containing three tandem NFAT-bir ding 
sites (described below). 6 

Fig. 2 is a flow diagram of the preparation of the intraceUular signaling 
chunera plasm id S p#MXF n ^ wherG n ^ ^ 

5 binding domains. 

Figs. 3A and 3B are a flow diagram of the preparation of the 
extracellular signalling chimera plasmid p#lFK3/pBJ5. 

Figs. 4A, 4B and 4C are sequences of the primers used in the 
constructions of the plasmids employed in the subject invention. 
10 K&Sisachartofmeresrx^eofreporto^^ 

enhancer groups to reaction of the receptorTAC/CD3 £ with a ligand. 

Fig. 6 is a chart of the activity of various ligands with the TAg Jurkat 
cells described in Example 1. 

Kg. 7is a chart of the activity of the ligand FK1012A & Fig. 9B) with 
is the extracellular receptor 1FK3 (FKBPx3/CD3 Q. 

Kg. 8 is a chart of the activation of an NFAT reporter via signalling 
through a myristoylated CD3 C/FKBP12 chimera. 

Figs. 9A and 9B are the chemical structures of the allyl-linked FK506 
vanants and the cydohexyl-linked FK506 variants, respectively. 
20 Fig. 10 is a flow diagram of the synthesis of derivatives of FK520 

vwn F T ' " A ^ B ^ 8 fl ° W dia8ram ° f 3 '* aa ** of deriv ««ves of 
FK520 and chemical structures of FK520, where the bottom structures are 
designed to bind to mutant FKBP12. 

25 12 * 3 dfaWMMnallc d6 P iCtion of FKBP with a modified 

25 FK520 m the putative cleft. 

Kg. 13 is a flow diagram of the synthesis of heterodimers of FK520 and 
cyclosporin. 

Fig. 14 is a schematic representation of the oligomerization of chimeric 

30 me receptor domain. 7 
Fig. 15 depicts ligand-mediated oligomerization of chimeric proteins 
schowing schematically the triggering of a transcriptional initiation signal 

F,g. 16 depicts synthetic schemes for HED and HOD reagents based on 
rK506-type moieties. 

« Fig. 17 depicts the synthesis of (CsA)2 beginning with CsA. 

Fig 18 is an overview of the fusion cDNA construct and protein MZF3E. 



-13- 



WO95/02fi84 



PCT/DS94/08008 



30 



35 



Fig. 19 shows FKl0l2-induced cell death of the Turkat T«*n r 
transfected with a myristoylated Fas-FKBPl? f, • 

effective in this series. ^ to be ^ ™* 

10709-15). Cefc wJ^™^^ ~ » <«* 

mates me synthesis of the reporter gene, and (CsA)2 At 4« u 

21 depicts the ^n*1. „, „ ^ 

Description 

*• Generic Discussion 
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Bus invention. Heterodimerization and hetero^Ugomerization refer to the 
association of dissimilar components to form dimers or oligomers. Homo- 
ohgomers thus comprise an association of multiple copies of a particular 
component while hetenM>ligomers comprise an assodation of copies of different 
components. ''OHgomerizauon'', "oligomerize" and "oligomer", as the terms are 
used herein, with or without prefixes, are intended to encompass 
"dimerizanon", "dimerize" and "dimer", absent an explicit indication to the 
contrary.) 

Also depicted in Figure 14 are fusion protein molecules containing a 
target protein domain of interest ("action domain") and one or more receptor 
domains that can bind to the iigands. For intracellular chimeric proteins, U, 
proteins which are located within the cells in which they are produced, a 
cellular targeting sequence (including organelle targeting ammo acid sequences) 
will preferably also be present Binding of the ligand to the receptor domains 
hetero- or homodimerizes the fusion proteins. OUgomerization brings the action 
domains into dose proximity with one another thus triggering cellular processes 
normally associated with the respective action domain-™* as apotosis or 
TCR-mediated signal transduction, for example. 

Cellular processes which can be triggered by oligomerization indudea 
change in state, such as a physical state, e.g. conformational change, change in 
bma^gpartner,ceUdeam,imti^^^ ion 
release, e.g. Ca + 2 etc. or a chemical state, such as an enzymatically catalyzed 
chemical reaction, e.g. acylation, methylation, hydrolysis, phosphorylation or 
dephosphorylation, change in redox state, rearrangement, or the like. Thus, any 
such process which can be triggered by ligand-mediated ohgomerization is 
mduded within the scope of this invention, although a primary focus here is 
apoptosis. 

In a central feature of this invention, cells are modified so as to be 
responsive to ligand molecules which are capable of binding to, and thus 
ohgomerizing, the primary chimeras disdosed herein. See e. g. Examples 4(B) 
and 4(Q, infra. Such engineered cells respond to the presence of ligand by 
undergoing apoptosis and may thus be diminated in applications of gene 
therapy and other situations where it is necessary or desirable to ablate the 
genetically modified cells. For example, the modified cells may become 
cancerous or otherwise ddeterious or superfluous. 

The modified cells are characterized by a genome containing a genetic 
construct (or series thereof) encoding a primary chimeric protein of this 
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invention, which permits Ugand-regulated apoptosis. The primary chimera 
contains, e.g.> the cytoplasmic domain of the fas antigen or Apo-1 antigen, 
which when cross-linked, induces apoptosis in most cell types (Trauth et al. 
(1989) Science 245, 301-305; Watanaba-Fukunaga et al. (1992) Nature 356, 
5 314). In this way one can provide for ligand-inducable cell death for an 
engineered population of cells. 

The cells may be further engineered to produce optional additional 
chimeric proteins capable of binding with, and being responsive to, selected 
ligand molecules. Such further optional engineering imparts additional ligand- 
10 regulatable functionality on the cells, which can be used in applications 

involving in vitro cell culture and in gene therapy applications. Preferably, the 
ligand molecules which are capable of binding to the optional additional 
chimera(s) and regulating the optional additional cellular processes (such as 
gene transcription, for example) do not cross react with the primary chimera 
molecules, and therefore do not trigger apoptosis in the engineered cells. 

Such further modified cells can be used in applications in which 
regulation of cellular processes such as transcription or translation (both are 
included under the term expression) of a target gene is desired. Such cells are 
characterized by a genome containing at least a first or first series (the series 
may include only one construct) of genetic constructs encoding the optional 
additional chimeras, and desirably a second or second series (the series may 
include only one construct) of target gene constructs. 

The nature and number of such genetic constructs will depend on the 
nature of the chimeric protein and the role it plays in the cell. For instance, in 
25 errfKKlirnents where the optional additional chimeric protein is to be associated 
with expression of a target gene (and which may contain an intraceUular 
targeting sequence or domain which directs the chimeric protein to be associated 
with the cellular surface membrane or with an organelle e.g. nucleus or vesicle), 
then there will normally be at least two series of such additional constructs: a 
first series encoding the chimeric protein(s) which upon ligand-mediated 
oligomerization initiate a signal directing target gene expression, and desirably a 
second series which comprise the target gene and/or expression control elements 
therefor which are responsive to the signal. 

Only a single construct in the first series will be required where a 
homooligomer, usually a homodimer, is involved, while two or more, usually not 
more than three constructs may be involved, where a heterooligomer is involved. 
The chimeric proteins encoded by the first series of constructs will be associated 
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with actuation of gene transcription and will normally be directed to the surface 
membrane or the nucleus, where the oligomerized chimeric protein is able to 
initiate, directly or indirectly, the transcription of one or more target genes. A 
second series of additional constructs will be required where an exogenous 
5 gene(s) is introduced, or where an exogenous or recombinant expression control 
sequence is introduced (eg. by homologous recombination) for expression of an 
endogenous gene, in either case, whose transcription will be activated by the 
oligomerizing of the chimeric protein. 

A different first series of additional constructs is employed where the 
10 chimeric proteins are intracellular and can act directly without initiation of 

transcription of another gene. For example, proteins associated with exocy tosis 
can be expressed inducibly or constitutively, where the proteins will not 
normally complex except in the presence of the oligomerizing molecule. By 
employing proteins which have any or all of these properties which do not 
15 complex in the host cell; are inhibited by complexation with other proteins, 
which inhibition may be overcome by oligomerization with the ligand; require 
activation through a process which is not available in the host cell; or by 
modifying the proteins which direct fusion of a vesicle with the plasma 
membrane to form chimeric proteins, where the extent of complex formation and 
20 membrane fusion is enhanced in the presence of the oligomerizing molecule, 
exocytosis is or has the ability to be induced by the oligomerizing molecule. 

Other intracellular proteins, such as kinases, phosphatases and cell cycle 
control proteins can be similarly modified and used. 

Various classes of optional additional genetic constructs useful in the 
25 practice of this invention are described as follows: 

(1) constructs which encode a chimeric protein comprising a binding 
domain and an action domain, where the binding domain is extracellular or 
intracellular and the action domain is intracellular such that ligand-mediated 
oligomerization of the chimeric protein, by itself (to form a homo-oligomer) or 

30 with a different fused protein comprising a different action domain (to form a 
hetero-oligomer), induces a signal which results in a series of events resulting in 
transcriptional activation of one or more genes; 

(2) constructs which encode a chimeric protein having a binding domain 
and an action domain, where the binding domain and action domain are in the 

35 nucleus, such that ligand-mediated oligomerization of the protein, by itself (to 
form a homo-oligomer) or with a different fused protein comprising a different 
action domain (to form a hetero-oligomer), induces initiation of transcription 
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directly via complexation of the oligomers) with the DNA transcriptional 
initiation region; 

(3) constructs which encode a chimeric protein containing a binding 
domain and an action domain, where the binding domain and the action domain 
are cytoplasmic, such that Ugand-mediated oUgomerization of the protein, by 
itself (to form a homo-oligomer) or with a different fused protein comprising a 
different action domain (to form a hetero-oligomer), results in exocytosis; and 

(4) constructs which encode a chimeric protein containing a binding 
domain and an action domain, where the binding domain and action domain are 
extracellular and the action domain is associated with initiating a biological 
activity (by way of non-limiting illustration, the action domain can itself bind to 
a substance, receptor or other membrane protein yielding, upon ligand,mediated 
oUgomerization of the chimeras, the bridging of one or more similar or dissimilar 
molecules or cells); and, 

(5) constructs which encode a destabilizing, inactivating or short-lived 
chimeric protein having a binding domain and an action domain, such that 
Ugand-mediated oUgomerization of the protein with a target protein comprising 
a different action domain leads to the destabilization and/or degradation or 
inactivation of said oUgomerized target protein. 

H. Transcription Regulation 

The construct(s) of Groups (1) and (2), above, will be considered first. 
Group (1) constructs differ from group (2) constructs in their effect. Group (1) 
constructs are somewhat pleiotropic, i.e. capable of activating a number of wild- 
type genes, as well as the target gene(s). In addition, the response of the 
expression products of group (1) genes to the Ugand is relatively slow. Group 
(2) constructs can be directed to a specific target gene and are capable of 
limiting the number of genes which will be transcribed. The response of 
expression products of group (2) constructs to the Ugand is very rapid. 

The subject system for groups (1) and (2) will include a first series of 
constructs which comprise DNA sequences encoding the chimeric proteins, 
usuaUy involving from one to three, usually one to two, different constructs. The 
system usually will also, include a second series of constructs which will provide 
for expression of one or more genes, usually an exogenous gene. By "exogenous 
gene" is meant a gene which is not otherwise normally expressed by the ceU, e.g. 
because of the nature of the cell, because of a genetic defect of the cell, because 
the gene is from a different species or is a mutated or synthetic gene, or the like. 
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Such gene can encode a protein, antisense molecule, ribozyme etc., or can be a 
DNA sequence comprising an expression control sequence linked or to be linked 
to an endogenous gene with which the expression control sequence is not 

» 

normallly associated. Thus, as mentioned before, the construct can contain an 
5 exogenous or recombinant expression control sequence for ligand-induced 
expression of an endogenous gene. 

The chimeric protein encoded by a construct of groups (1), (2) and (3) 
can have, as is often preferred, an intracellular targeting domain comprising a 
sequence which directs the chimeric protein to the desired compartment, e.g. 
10 surface membrane, nucleus, vesicular membrane, or other site, where a desired 
physiological activity can be initiated by the ligand-mediated oligomerization, at 
least dimerization, of the chimeric protein. 

The chimeric protein contains a second ("binding" or "receptor") domain 
which is capable of binding to at least one ligand molecule. Since the ligand can 
15 contain more than one binding site or epitope, it can form dimers or higher order 
homo- or hetero-oligomers with the chimeric proteins of this invention. The 
binding domain of the chimeric protein can have one or a plurality of binding 
sites, so that homooligomers can be formed with a divalent ligand. In this way 
the ligand can oligomerize the chimeric protein by having two or more epitopes 
20 to which the second domain can bind, thus providing for higher order 
oligomerization of the chimeric protein. 

The chimeric protein also contains a third ("action") domain capable of 
initiating a biological activity upon ligand-mediated oligomerization of chimeric 
protein molecules via the binding domains. Thus, the action domain may be 
25 associated with transduction of a signal as a result of the ligand-mediated 
oligomerization. Such signal, for instance, could result in the initiation of 
transcription of one or more genes, depending on the particular intermediate 
components involved in the signal transduction. See Figure 15 which depicts an 
illustrative chimeric protein in which the intracellular tarrgeting domain 
30 comprises a myristate moiety; the receptor domain comprises three FKBP12 
moieties; and the action domain comprises a zeta subunit In other chimeric 
f proteins the action domains may comprise transcription factors, which upon 

oligomerization, result in the initiation of transcription of one or more target 
'» genes, endogenous and/or exogenous. The action domains can comprise 

35 proteins or portions thereof which are associated with fusion of vesicle 

membranes with the surface or other membrane, e.g. proteins of the SNAP and 
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SNARE groups (See, Sollner et al., Nature (1993) 362, 318 and 353; Cell (1993) 
72, 43). . 

A. Surface Membrane Receptor 

One class of additional optional chimeric proteins of this invention are 
involved with the surface membrane and are capable of transducing a signal 
leading to the transcription of one or more genes. The process involves a number 
of auxiliary proteins in a series of interactions culminating in the binding of 
transcription factors to promoter regions associated with the target gene(s). In 
cases in which the transcription factors bind to promoter regions associated 
with other genes, transcription is initiated there as welL A construct encoding a 
chimeric protein of this embodiment can encode a signal sequence which can be 
subject to processing and therefore may not be present in the mature chimeric 
protein. The chimeric protein will in any event comprise (a) a binding domain 
15 capable of binding a predetermined ligand, (b) an optional (although in many 
embodiments, preferred) membrane binding domain which includes a 
transmembrane domain or an attached lipid for translocating the fused protein 
to the cell surface/membrane and retaining the protein bound to the cell surface 
membrane, and, (c) as the action domain, a cytoplasmic signal initiation 
20 domain. The cytoplasmic signal initiation domain is capable of initiating a 
signal which results in transcription of a gene having a recognition sequence for 
the initiated signal in the transcriptional initiation region. 

The gene whose expression is regulated by the signal from the chimeric 
protein is referred to herein as the "target" gene, whether it is an exogenous gene 
25 or an endogenous gene under the expression control of an endogenous or 

exogenous (or hybrid) expression control sequence. The molecular portion of 
the chimeric protein which provides for binding to a membrane is also referred 
to as the "retention domain". Suitable retention domains include a moiety which 
binds directly to the lipid layer of the membrane, such as through lipid 
participation in the membrane or extending through the membrane, or the like. Li 
such cases the protein becomes translocated to and bound to the membrane, 
particularly the cellular membrane, as depicted in Figure 15. 

B. Nuclear Transcription Factors 
35 Another optional first construct encodes a chimeric protein containing a 

cellular targeting sequence which provides for the protein to be translocated to 
the nucleus. This ("signal consensus") sequence has a plurality of basic amino 
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aads, referred to as a bipartite basic repeat (reviewed in Garcia-Bustos 1 1 al 
Brcchmuca et Biophysica Acta (1991) 1071, 83-101). This sequence can appear 
^yportionofthemo^^ 

^mthed^ericprotelnbeinginsidethenudeus. The practice of one 
embodiment of this invention will involve at least two ("first series") chimeric 
proteins: (1) one having an action domain which binds to the DNA of the 
franscnption initiation region associated with a target gene and (2) a different 
tumeric protein containing as an action domain, a transcriptional activation 
domam capable, in association with the DNA binding domain of the first 
cromeric protein, of initiating transcription of a target gene. The two action 
domains or transcription factors can be derived from the same or different 
protein molecules. 

™ eta ™*Pnonfac^^ 
host. * the transcription factors are 

and can cooperate with the endogenous RNA polymerase (rather than requiring 
an exogenous RNA polymerase, for whuch a gene could be introduced), tL an 
exogenou^ 

beaded wxth a second construct for relating transcription of the target 
gene By this means the initiation of transcription can be restricted to the g ene(s) 
to --atedwimmeexogenouspromoterregion,i.e.,thetargetgene( S ) 

A large number of transcription factors are known which require two 
subunits for activity. Alternatively, in cases where a single transcription factor 
can be dmded into two separate functional domains (e.g. a transcriptional 
actxva or domain and a DNA-binding domain), so that each domain is inactive 
by^,butwhenbrought^^^^^ 

restored. Transcription factors which can be used include yeast GAL4, which 
can be davided into two domains as described by Fields and Song, supra The 
authors use a fusion of GAL4(1-147)-SNF1 and SNF4-GAL4(768-881), where 
*e SNF1 and -4 may be replaced by the subject binding proteins as binding 
domains. Combinations of GAL4 and VP16 or HNF-1 can be employed. Other 
transcription factors are members of the Jun, Fos, and ATF/CREB families 
Octl, Spl, HNF-3, the steriod receptor superfamily, and the like. 

As an alternative to using the combination of a DNA binding domain 
and a naturally occurring activation domain or modified form thereof the 
actuation domain may be replaced by one of the binding proteins associated 
w.th bridging between a transcriptional activation domain and an RNA 
polymerase, including but not limited to RNA polymerase H. These proteins 



-21- 



include the proteins referred to as TAFs, the TFII proteins, particularly E and D, 
or the like. Thus, one can use any one or combination of proteins, for example, 
fused proteins or binding motifs thereof, which serve in the bridge between the 
DNA binding protein and RNA polymerase and provide for initiation of 
5 transcription. Preferably, the protein closest to the RNA polymerase will be 
employed in conjunction with the DNA binding domain to provide for initiation 
of transcription. If desired, the subject constructs can provide for three or more, 
usually not more than about 4, proteins to be brought together to provide the 
transcription initiation complex. 
0 Rather than have a transcriptional activation domain as an action 

domain, an inactivation domain, such as ssn-6/TUP-l or Kriippel-family 
suppressor domain, can be employed. In this manner, regulation results in 
turning off the transcription of a gene which is constitutively expressed. For 
example, in the case of gene therapy one can provide for constitutive expression 
5 of a hormone, such as growth hormone, blood proteins, immunoglobulins, etc. 
By employing constructs encoding one chimeric protein containing a DNA 
binding domain joined to a ligand binding domain and another chimeric protein 
containing an inactivation domain joined to a ligand binding domain, the 
expression of the gene can be inhibited via ligand-mediated oligomerization. 
> Constructs encoding a chimeric protein containing inter alia a ligand- 

binding domain fused to a transcriptional activating domain or subunit, 
transcriptional inactivating domain or DNA-binding domain are designed and 
assembled in the same manner as described for the other constructs. Frequently, 
the N-terminus of the transcription factor will be bound to the C-terminus of the 
ligand-binding domain, although in some cases the reverse will be true, for 
example, where two individual domains of a single transcription factor are 
divided between two different chimeras. 

III. Exocytosis 

Another application of the ligand-mediated oligomerization mechanism 
is exocytosis, where export of a protein rather than transcription is controlled 
by the ligand. This can be used in conjunction with the expression of one or 
more proteins of interest, as an alternative to providing for secretion of the 
protein(s) of interest via a secretory signal sequence. This embodiment involves 
two different first constructs. One construct encodes a chimeric protein which 
directs the protein to the vesicle to be integrated into the vesicular membrane as 
described by Sollner et al., su pra . Proteins which may be used as the vesicle 
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binding protein include VAMP (synaptobrevin), SNC2, rab 3/ SEC4 
synaptotagmin^c. individually or in combination. The cellular membrane 
protein may include syntaxin, SSOl, SS02, neurexin, etc., individually or in 
combination. Theother construct provides for transport to the surface 
5 membrane and employs the myristoyl signal sequence, other plasma membrane 
targeting sequence (eg. for prenylation) or transmembrane retention domain, as 
described above. Ihe encoded proteins are described in the above references 
and all or functional part, may serve as the action domains. These constructs 
could be used in conjunction with the expression of an exogenous protein 
10 properly encoded for transport to a vesicle or for an endocytotic endogenous 
proton, to enhance export of the endogenous protein. 

Various mechanisms can be employed for exostosis. Depending on the 
cell type and whichprotein is limiting for endocytosis in the cell, one or more of 
mev esideboundproteir*o^ 

constructs having a response element which is activated by the ligand Of 
parhcular interest is the combination of VAMP and syntaxin. Alternatively one 
can provide for constitutive expression of non-limiting proteins controlling 
exocytosis. and provide for ligand regulated expression of the exocytosis 
limiting protein. Finally, one can provide for constitutive expression of the 
chimeric proteins associated with exocytosis, so that exocytosis is controUed by 
^^^d^^^^^ By employing appropriate 
binding domains, one can provide for different chimeric proteins to be 
oligomerized on the vesicle surface to form an active complex, and/or linking of 
the vesicle protein(s) with the cell membrane surface protein through the ligand 
The chimeric proteins may notprovide for exocytosis in the absence of the 
hgand due to modifications in the ligand which substantially reduce the binding 
affinity between the proteins governing exocytosis, such as deletions, mutations 
etc. ^modifications can be readuyde^^ ' 
fragments of the individual proteins and deterrnining which fragments retain 
activity. The fragments can be further modified by using alanine substitutions to 
determine the individual amino acids which substantially affect binding 
(Beohncke et al., J. Immunol. (1993) 150, 331-341; Evavold et al., ibid (1992) 
148, 347-353). ' 

The proteins assembled in the lumen of the vesicle, as well as the fused 
proteins associated with exocytosis can be expressed constitutively or 
mducibly, as described above. Depending on the purpose of the exocytosis 
whether endogenous or exogenous proteins are involved, whether the proteins to 
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be exported are expressed constitutively or inducibly, whether the same ligand 
can be used for initiating transcription of the fused proteins associated with 
exocytosis and the proteins to be exported, or whether the different proteins are 
to be subject to ^^ti^u^l e ^ ais , imydet ^^ tm ^ wM 
5 expression is controlled. In one aspect, the exocytosis mechanism would be the 
only event controlled by the ligand. In other aspects, both expression of at least 
one protein and exocytosis may be subject to ligand control. 

Various proteins may be modified by introduction of a cellular targeting 
sequence for translocation of the protein to a vesicle without loss of the 
10 physiologicalactivityoftheprotein. By using exocytosis as the delivery 

mechanism, relatively high dosages may be delivered within a short period of 
tote to produce a high localized level of the protein or a high concentration in 
the vascular system, depending on the nature of the host. Proteins of interest 
include e.g. insulin, tissue plasminogen activator, cytokines, erythropoietin 
15 colony stimulating factors, growth factors, inflammatory peptides, cell migration 

Coding sequences for directing proteins to a vesicle are available from 

mevesidebmdingproteinsassociatedwithexocytosis. See, for example 
Sollner, et al. supra. ' 

20 Another use of the ougomerization mechanism is the control of protein 

degradation or inactivation. For example, a relatively stable or long-lived 
crumeric protein of this invention can be destabilized or targeted for degradation 
by ligand-mediated oligomerization with a different chimeric protein of this 
invention which has a relatively short half-life or which otherwise destabilizes or 
targets the oligomer for degradation. In this embodiment, Ugand-mediated 
oligomerization regulates biological functioning of a protein by conferring upon it 
in trans a shortened half-life. The latter chimeric protein may contain a domain 
targeting the protein to the lysosome or a domain rendering the protein 
susceptible to proteolytic cleavage in the cytosol or nucleus or non-lysosomal 
30 organelle. 

The half-life of proteins within cells is determined by a number of factors 
which include the presence of short amino acid sequences within said protein 
nch m the amino acid residues proline, glutamic acid, serine and threonine 
hence 'TEST", other sequences with similar function, protease sensitive cleavage 
35 sues and the state of ubiquitinization. Ubiquitinization is the modification of a 
protein by one or more units of the short polypeptide chain, ubiquitin, which 
targets proteins for degradation. The rate of ubiquitinization of proteins is 
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5 IV. Other Regulatory Systems 

phosphatase achvity, reductase activity, cydooxygenase activity, pr^ai 

cycle, eg. cydms and cdc tanases, multiuni. detoxifying 

V. Components of Constructs 

' The «cond or additional opBonal constructs (target gene construe 

associated with group „ ,and «, opfcona, add* J chLTp^T ' 

-^'•^nonaJinic.tor^onhavmgmcindica ted J T 
^aon sequence or responsive element, so as to be responsive fcsignaj 

-»aUy mRNA, whose tr»scri pHon and . . ^ ^ ^ 

mmeexpresstonofapro^ard/ormereguianonofomergenes,^ 
p~~ 0, ^ S ^ fe ^™"-«»n 

and „ J" ^ di£feren ' PaiPOSeS *" d differa " sites - dlffe ™' to** domain, 
andcurrerentc^pia^cdomatewu.bet.sed. to chimeric protem reZT 
^MvW m ^sn rf a«n^rane.i fm e B ga nd . bmdmgd l ta ;^' <m 

extraceUuiar, me chimeric protein can be designed ,„ contain an extracellular 
dornamse^fem,^^^,^^^ »- 

d&ren, cytoplasmic or mrracellular domains of the surface membrane prcrteins 
^ Mabtetett ^ a ^-^^^,depeno^gon„nr^ 
end^enc^genesareregulaw^^cy^iasmicporaon. Where me chimeric 
P rc^ K m^ i n^ to me 8 urfacememora J .epro^orasso d ,^ 

res^cted^d^whichcanbindn.^eswmchcancrc^Ls^fr 
nten*raneor„merr^r m e,as.p P r„pria te . ll , erefore/mescbindm 
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domains will generally bind to small naturally occurring or synthetic IWJ 
moleculeswhichdonotinvoh.eproteir.ornudeicacii 

A. Cytoplasmic domains 

transcription assodated with (he cytoplasmic domain „ ^ m / 
-P^™<osuch M que„ce is lc rew „.M„ B „, reMptoniofinttrest ^ 

wluchcan be associated wm !u*mft„ side efleca, such as deregulated L 
^ow«.c, rm a ppiopriatercleaseof<ytoktaei ^ 

^lasmicdomataofpart^^^^^^ . 
characterisacs: receptor activation ,eads to initiation of transcription for 
» rc ^^(^^=r to ,,«,, aKjgen eraU yta ,^ g e„e s L*e 

^^o^enzaaonofthe^p^^^^ 

ades^i^^^^^^^^^^ A number of 

^cyu.p.asmicdomatasaretaown. Man yo f U.ese^ZL areT^ 

^orareco^ed^^^.^crBC.^^n 
^ajev.e„ S eeCa Jttl e y , e « a ;,«( I9 91,H281. lyrosine kinase receptors 

tel proposed by Yarden and Wrich, Am ». Biocto „. (1988) ^ 

u^desubciassl.EG^A^/neu.H^/ne..^^^;. 
subdasstt ^-R^I-R^fc^,^ ^ k " 

l/Hk-2; and subclass IV; FGF-R, fig laddie FGFJ, bek [basic FGFJV 
neuronic rryosme ktaases; Trk family, Mudes NGF-R, Rorl.2.' Recent 

fanuly: CD3 C and CD3 n (found primarily in T cells, associates with Fyn)* B 

* *" ^hn^ophages.neutrophus and natural kffler 
«Us); CD3 r , -8 , and -e (found primarily in T cells); Jg-a /MB ., ^ 
(foundprunarilyinBceu). M^y cytokine ami growth factor receptors 
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associate with common P subunits which interact with tyrosine kinases a ,d/or 
other signalling molecules and which can be used as cytoplasmic domains in 
dumeric proteins of this invention. These include (1) the common 0 subunit 
shared by the GM-CSF, IL-3 and IL-5 receptors; (2) the 0 chain gpl30 
5 ^^wimfcelL^eukemia^ 

factor (CNTF), oncostatin M, and IL-ll receptors; (3) the JL-2 receptor y 

TiTTT 6 ^ f ° r *** M (and possibly IL- 

9); and (4) the 0 chain of the IL-2 receptor which is homologous to the 
cytoplasmic domain of the G-CSF receptor. 
0 The interferon family of receptors which include interferons cc/0 and y 

(which can activate one or more members of the JAK, Tyk family of tyrosine 
kinases) as well as the receptors for growth hormone, erythropoietin and 
prolactin (which also can activate JAK2) can also be used as sources for 
cytoplasmic domains. 

' Other sources of cytoplasmic domains include the TGF-0 family of cell 

surface receptors (reviewed by Kingsley, D., Genes and Development 1994 8 133) 
Tins family of receptors contains serine/threonine kinase activity in their 
cytoplasmic domains, which are believed to be actiated by crosslinking. 

The tyrosine kinases associated with activation and inactivation of 
transcription factors are of particular interest in providing specific pathways 
wfoch can be controlled and can be used to initiate or inhibit expression of an 
exogenous gene. 

The following table provides a number of receptors and characteristics 
assoaated with the receptor and their nuclear response elements that activate 
genes. The list is not exhaustive, but provides exemplary systems for use in the 

subject invention. 

In many situations mutated cytoplasmic domains can be obtained where 
the s,gnal which is transduced may vary from the wild type, resulting in a 
restricted or different pathway as compared to the wild-type pathways). For 
example, in the case of growth factors, such as EGF and FGF, mutations have 
been reported where the signal is uncoupled from cell growth but is still 
maintained with c-fos (Peters, et al, Nature (1992) 358, 678). 

The tyrosine kinase receptors can be found on a wide variety of cells 
throughout the body. In contrast, the CD3 {[-family, the Ig family and the 
lymphokine 0<hain receptor family are found primarily on hematopoietic cells 
particularly T-cells, B-cells, mast cells, basophils, macrophages, neutrophils 
and natural Idller cells. The signals required for NF-AT transcription come ' 
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primarilyfromthezetaKJchainoftheantigenreceDtoranH,,, , 

CD3y , 8 , e receptor and to a lesser extent 

m , ™ G Cyt ° PlaSmiC d0main ' 35 » ^ naturally or as it may be truncated 
modxfied or mutated, will be at least about 1 0/ usually at least luiT 

~-~^«-:r=^,.-rr--*--- 

Table 1. 



1 Ligand 


DNA 




Element 


1 Insulin 


cAMP 


and others 


responsive 




element 




(ere) 


PDGF, 


SRE 



and ot hers 
EGF 



VL30 
KSRF 



Binding 
Factorfe) 
LRU 



SRF/SR 
EBP 



Gene 

jun-B 
many 
genes 

c-fos 



IFN-a 



ISRE 



RVL-3 

virus 

c-fun 



BGF-3 



IFN-Y I GAS 
PMAand 
TCR 
TNF 



GAF 
AP-l 



GBP 
many 



' Mol. Cell Biol. (1992), 12, 
4654 

PNAS, 83, 3439 

Mol. Cell Biol. (1992), 12, 
4769 



Mol. Cell. Biol. (1992), 12, 
2793 

do. (1992). 12. 4479 



Gene Dev. f l989) 3. 136? 
Mol. Cell. Biol . (1991) n. ir? 
Cell (1987) 49, 729-739 



NFkB many Cell (1990) 62, 1019-1029 



j Antigen 1 ARRE-1 


I OAP/O 
lct-1 


1 many 
1 genes 


Mol. CeU. Biol. (1988) 8, 1715 1 


1 Antigen J ARRE-2 


1 NFAT 


[1L-2 
enhancer 


Science (1988) 241, 202 
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For the most part, the other chimeric proteins associated with 

5 ™£^t etoenCPr0t ^ tO * em ^ sid -^en«dearmembrane 

Usually the transcription factor action domains can be divided into "DNA 
bu^ng domains" and-activation domains" One can provide for a DNA ' 
^^^thoneormoreUgandbmdmgdomainsandanactivation 

o d ^ w ^™^db^ gdonurins . htewaytheDNAb 

0 domain can be coupled to a plurality of binding domain and/or activation 
domams. Otherwise, the discussion for the chimeric proteins associated with 
the surface membrane for signal transduction is applicable to the chimeric 
proteins for direct binding to genomic DNA. Similarly, the chimeric protein 

transducing cytoplasmic proteins. P'aceottne 
B. Cellular Targeting Domains 

to the 1 PePti t OT S6qUenCe Pr ° VideS ^^ofachimericprotein 
toftecellsu^acemembrane, where the s^e or other sequences can result in 
bmdmg of the chimeric protein to the cell surface membrane. While there is a 

fouTlTi! Hf k f SiSnaI S6qUenCeS ' ^ 0r **« N-tenninal polar amino acids 
foUowedby about 15-20 P ri 

ammoaadscanbewidelyvaried. Therefore, substantially any signal peptide 
canbeemployedwmchisfuncHonalmmehostandmayo^JynTtbe 

agnal peptide is processed and will not be retained in the mature chimeric 
protem. The sequence encoding the signal peptide is at the S'-end of the coding 
sequence and will include the initiation methionine codon. 

^^o'membraneret^ 
smce , » found that such membrane retention domains are substantially ' 
fungible and there is no critical amino acid required for binding or bonding to 
anott.er membrane region for activation. Thus, the membrane retention domain 
can be isolated from any convenient surface membrane or cytoplasmic protein 
whether endogenous to the host cell or not. 

There are at least two different membrane retention domains- a 
transmembrane retention domain, which is an amino acid sequence which 
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extends across the membrane; and a lipid membrane retention domain, w uch 
lipid associates with the lipids of the cell surface membrane. 

For *e™stpart,foreaseof ro ^^ 
ofthecy^ 

membrane retention domam, me processmg signal wfl^ 

proximaltomeS'endforC-tenrdnalbinding. The lipid membrane retention 
domain will have a lipid of from about 12 to 24 carbon atoms, particularly 14 
carbon atoms, more particularly myristoyl, joined to glydne. The signal 
sequence for the lipid binding domain is an N-terrninal sequence and can be 
varied widely, usually having glycine at residue 2 and lysine or arginine at 
residue 7 (Kaplan, et ah, Mol Cell. Biol. (1988) 8, 2435). Peptide sequences 
involving post-translational processing to provide for lipid membrane binding 

> « e descxib e dbyCarr, rf «/.,P^S l /S^(1988)79,6128;Aitken,, f a/ FEES 
Lett. (1982) 150, 314; Henderson, etal.PNAS USA (1983) 80, 319- Schulz 
et al, Virology (1984), 123, 2131; DeUman, et al, Nature (1985) 3li 374- and 
reviewed in Ann. Rev. ofBiochem. (1988) 57, 69. An amino add sequence of 
interest includes the sequence M-G-S-S-K-S-K-P-K-D-P-S^-R. Various DNA 
sequences can be used to encode such sequence in the fused receptor protein 

^^thetr^membranedomamwiUhavefromaboutlS-SOarnmo 
aads, more usually about 20-30 amino adds, where the central portion will be 
primarily neutral, non-polar amino adds, and the termini of the domain will be 
polar amino adds, frequently charged amino adds, generally having about 1-2 
charged, primarily basic amino adds at the termini of the transmembrane 
domain f ollowed by a helical break residue, e.g. pro- or gly-. 

C. Ligand Binding Domain 

The ligand binding ("dimerization" or "receptor") domain of any of the 
chimeric proteins of this invention can be any convenient domain which will 
allow for induction using, or bind to, a natural or unnatural ligand, preferably an 
unnatural synthetic ligand. The binding domain can be internal or external to 
the cellular membrane, depending upon the nature of the construct and the 
choice of ligand. A wide variety of binding proteins, induding receptors, are 
known, including binding proteins associated with the cytoplasmic regions 
indicated above. Of particular interest are binding proteins for which ligands 
(preferably small organic ligands) are known or may be readily produced. These 
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qences thereof random aQd 
^-«<.aad S , usual , yfe „ ertta , 200aininoadds ^ 

The receptor domain can be intracellular or extracell,,l a r ^ a- 

or by ha^g a Bpid affacW signal ^ 
The portion of the constructeneoding the receptor can be subjected ,„ 

* e ""J* 8,16 OT «*" -*» -* "sodaw „» cc^nnaSo™! 
<tagescanb e subiec ltom u b8OTes i S b y cha ngi „ glhec0(i0I , (s)forthe 

. rhe36 to Ah and/or ^7 (o G Iy o, Ala ,„ acconunodate a 
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substituent at positions 9 or 10 of FK506 or FK520 In »»,*,>. i 

mmpio • , Ui rrozu. in particular, mutant 

M ^r^ k a8 ^ hapte,fc,ra>,ecu,es ™ w *-p i '^can y 

affi^thehgand. ta W s„a y/almostmyphysiol ogiraUy ^Jf^ 
^ab^ toen , pIoyinviltomillageMs|sor g 

aftelytoendcg^p^ lWli ga „ds which l^ eteteltod ~ S 

35 D. Multimerization 

The transduced signal will normally result from ligand-mediated 
oh g o mmzab onof m e te « 
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ougomerization following ligand binding, although other binding events, f >r 
example allosteric activation, can be employed to initiate a signal. The 
construct of the chimeric protein will vary as to the order of the various domains 
and the number of repeats of an individual domain. For the extracellular 
5 receptor domain in the 5'-3' direction of transcription, the construct will encode 
a protein comprising the signal peptide, the receptor domain, the 
transmembrane domain and the signal initiation domain, which last domain will 
be intracellular (cytoplasmic). However, where the receptor domain is 
intracellular, different orders may be employed, where the signal peptide can be 
10 followed by either the receptor or signal initiation domain, followed by the 
remaining domain, or with a plurality of receptor domains, the signal initiation 
domain can be sandwiched between receptor domains. Usually, the active site 
of the signal initiation domain will be internal to the sequence and not require a 
free carboxyl terminus. Either of the domains can be multimerized, particularly 
15 the receptor domain, usually having not more than about 5 repeats, more usually 
not more man about 3 repeats. 

For multimerizing the receptor, the ligand for the receptor domains of the 
chimeric surface membrane proteins will usually be multimeric in the sense that 
it will have at least two binding sites, with each of the binding sites capable of 
20 binding to the receptor domain. Desirably, the subject ligands will be a dimer or 
higher order oligomer, usually not greater than about tetrameric, of small 
synthetic organic molecules, the individual molecules typically being at least 
about 150 D and fewer than about 5 kD, usually fewer than about 3 kD. A 
variety of pairs of synthetic ligands and receptors can be employed. For 
25 example, in embodiments involving natural receptors, dimeric FK506 can be 
used with an FKBP receptor, dimerized cyclosporin A can be used with the 
cydophilin receptor, dimerized estrogen with an estrogen receptor, dimerized 
glucocorticoids with a glucocorticoid receptor, dimerized tetracycline with the 
tetracycline receptor, dimerized vitamin D with the vitamin D receptor, and the 
like. Alternatively higher orders of the ligands, e.g. trimeric can be used. For 
embodiments involving unnatural receptors, e.g. antibody subunits, modified 
antibody subunits or modified receptors and the like, any of a large variety of 
compounds can be used. A significant characteristic of these ligand units is that 
they bind the receptor with high affinity ( preferably with a Kd < 10-8 M) and 
35 are able to be dimerized chemically. 

The ligand can have different receptor binding molecules with different 
epitopes (also referred to as "HED" reagents, since they can mediate hetero- 
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PK506-typemoietv an H a r a g ^ FK506 or an 

o-iype moiety and a CsA or a cyclosporin type moietv R*tu ■ ^ 
covalpnH v a ff,^» j . i/pe moiety. Both moieties are 

^'P 1 ^ Plains a receptor doman s „ch as m FKBP10«*- t 



VI. Cells 
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15 human h„*. J*™** Particularly primate, more particularly 
dlZ; 1 With «* «*- of invest, particularly 

3 gastrointestinal, pulmonary efc Of , • panQ ' ladn ^' 
m . . , molecules, providing for expression of one or more MHr 

^srsrs see™. 
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VII. Ligands 

A wide variety of ligands, including bo A naturally occurring and 
synthetic substances, can be used in this invention to effect oUgomerization of 
the chimeric protein molecules. Applicable and readily observable or 
measurable criteria for selecting a ligand are: (A) the ligand is physiologically 
acceptable (i.e v lacks undue toxicity towards the cell or animal for which it is to 
be used), (B) it has a reasonable therapeutic dosage range, (C) desirably (for 
applications in whole animals, including gene therapy applications), it can be 
taken orally (is stable in the gastrointestinal system and absorbed into the 
vascular system), (D) it can cross the cellular and other membranes, as 
necessary, and (E) binds to the receptor domain with reasonable affinity for the 
desired application. A first desirable criterion is that the compound is relatively 
physiologically inert, but for its activating capability with the receptors. The 
less the ligand binds to native receptors and the lower the proportion of total 
ligand which binds to nature receptors, the better the response will normally be. 
Particularly, the ligand should not have a strong biological effect on native 
proteins. For the most part, the ligands will be non-peptide and non-nucleic 
acid. 

The subject compounds will for the most part have two or more units, 
20 where the units can be the same or different, joined together through a central 
linking group. The "units" will be individual moieties (e.g., FK506, FK520, 
cyclosporin A, a steroid, etc.) capable of binding the receptor domain. Each of 
the units will usually be joined to the linking group through the same reactive 
moieties, at least in homodimers or higher order homo-oligomers. 

As indicated above, there are a variety of naturally-occurring receptors 
for small non-proteinaceous organic molecules, which small organic molecules 
fulfill the above criteria, and can be dimerized at various sites to provide a 
ligand according to the subject invention. Substantial modifications of these 
compounds are permitted, so long as the binding capability is retained and with 
30 the desired specificity. Many of the compounds will be macrocydics, e.g. 

macrolides. Suitable binding affinities will be reflected in Kd values well below 
If)" 4 , preferably below 10" 6 , more preferably below about 10" 7 , although 
binding affinities below KT 9 or lO'™ are possible, and in some cases will be 
most desirable. 

35 Currently preferred ligands comprise oligomers, usually dimers, of 

compounds capable of binding to an FKBP protein and/or to a cydophilin 
protein. Such ligands includes homo- and heteromultimers (usually 2-4, more 
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usually 2-3 units) of cyclosporin A, FK506, FK520 and r 

' prachce of this i„ venti0 „. J, / ST ™ **-.*. — h ft. 

9935. Sites of intent for *Z ™ ^ ^V*" »" » S ' 

bound «o those ^ atom& 21 X ^ ^ 

» 9 or Uof (seeL W T 

functionalizingthecarbonvlL/ Skater stenc requirements or 

acy^o^ups.N^lated^^^Xt'^ 
'°m>al^xa2oline,ortheIike ^ ^ JtofaeCa " alK ' 

' - 6- usually , to , and ^ us^^tT * *" *" 

aam eseq u^ h a vingdi( ^ tatoaKf ^^^°'^ua Uylte 

sigrdficandyinstructL '^ fa, "^%^wtdUfafag 

Other ligands which can be used are sterol* n„ . ; 
oligomerfced, «, tha, the* „ atural bi " ^ ste ™* - «- 

conrairung^eormoresteroidn^lHo t^^^' enCProtei " 

^^coidsand^t^lT::^ a, 
be used, where the drug is known to binH - 88 ^° 
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known, thus permitting the use in chimeric proteins of this invention of anh, the 
binding domain, rather than the entire native receptor protein. For this purpose 
enzymes and enzyme inhibitors can be used. 

5 A. Linkers 

Various fuiKtaonalities can be involved in the linking, such as amide 
groups, including carbonic acid derivatives, ethers, esters, including organic and 
inorganic esters, amino, or the like. To provide for linking, the particular 
monomer can be modified by oxidation, hydroxylation, substitution, reduction 
10 efctoprovideasiteforcoupling. Depending on the monomer, various sites can 
be selected as the site of coupling. 

The multimeric ligands can be synthesized by any convenient means 
. where the linking group will be at a site which does not interfere with the binding 

of the binding site of a ligand to the receptor. Where the active site for 
15 physiological activity and binding site of a ligand to the receptor domain are 
different, it will usually be desirable to link at the active site to inactivate the 
ligand. Variouslirddnggroup S canbeemployed,usuaUyoffroml-30,m O re 
usually from about 1-20 atoms in the chain between the two molecules (other 
^«y*°gen),whereme^ 
0 hydrogen, nitrogen, oxygen, sulphur and phosphorous. The linking' groups can 
involve a wide variety of functionalities, such as amides and esters, both organic 
and morganic, amines, ethers, thioethers, disulfides, quaternary ammonium 
salts, hydrazines, etc. The chain can include aliphatic, alicydic, aromatic or 
heterocyclicgroups. The chain will be selected based on ease of synthesis and 
> thestabihtyofthemultimericligand. Thus, if one wishes to maintain long-term 
activity, a relatively inert chain will be used, so that the multimeric ligand link 
will not be cleaved. Alternatively, if one wishes only a short half-life in the 
blood stream, then various groups can be employed which are readily cleaved 
such as esters and amides, particularly peptides, where circulating and/or 
intracellular proteases can cleave the linking group. 

Various groups can be employed as the linking group between ligands, 
such as alkylene, usually of from 2 to 20 carbon atoms, azalkylene (where the 
nitrogen will usually be between two carbon atoms), usually of from 4 to 18 
carbon atoms), N-alkylene azalkylene (see above), usually of from 6 to 24 
carbon atoms, arylene, usually of from 6 to 18 carbon atoms, ardialkylene 
usually of from 8 to 24 carbon atoms, bis-carboxamido alkylene of from about 8 
to 36 carbon atoms, etc. Illustrative groups include decylene, octadecylene, 3- 
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^propylenebenzen^bis-benzoyl U-d^ooctane and the like. M^L^t 
or other (see below) ligand molecules containing linker moieties as described 
^^beevaluatedwi*^ 

5 copending receptor domains using materials and methods described in the 
examples which follow. 

B. Ligand Characteristics 

be transferred across the membrane in a bioactive form, that is, it will be 
membrane permeable. Various ligands are hydrophobic or can be made so by 
appropriate modification with lipophilic groups. Particularly, the Unking bridge 
can serveto enhance the hpophilicity of the ligand by providing aUphatic side 
cha U .offromaboutl2to24carbonatoms. Alternatively, one or more groups 

without endosome formation. 

Insomeir^tance^multimerichgandsneednotbeeiryloyed For 
example molecules can be employed where two different binding sites provide 
for dimenzationofthe receptor. In other instances, binding of the ligJd can 
resulin aconfonnatiorialchange of ^ domain , resxjltin ^ 

^ohgomerizatiorvof thereoeptor. Other mechanisms may also be operative ' 
for inducing the signal, such as binding a single receptor with a change in 
conformation resulting in activation of the cytoplasmic domain 

addition^ d TT d ekeWhere ' ^ **** ° f ^S-yofthe optional 
additional cellular processes, such as transcription of a target gene, should 

preferably be selected so as not to cross react wim me prirr^ chimeric proteins 
in the engineered cells to initiate apoptosis. 

C. Ligand Antagonists 

Monom ^%andscanfc 
Ugand, i.e., for preventing, inhibiting or disrupting oligomer formation or 
mamtenance. Thus, if one wishes to rapidly terminate the effect of cellular 
activation, a monomeric ligand can be used. Conveniently, the parent ligand 
moiety can be modified at the same site as the multimer, using the same 
procedure, except substituting a monofunctional compound for the 
potyfunctional compound. Instead of me polyammes, monoamines, particularly 
of from 2 to 20 (although they can be longer), and usually 2 to 12, carbon atoms 
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«OD> "* ' W •* » bind „ mubnf rMeptore „ * 
compensatory mutations -™ng 

10 As discussed above, one can prepare modUied HED/HOD reagents a,, 

w* M to bind to ^ ^ ^ FKBP 12 " 

-^^uesinthetecep^bindi^podce. .One mayalsorLe 
^-togreceptorsthatcon^mu^atte^^ dues 

* ^^^^W^the^oregamfteabffl^tobind,^^ 
bumps. ^■•^^^^^^J"*"* 

lT Sa 7„ ,,U " a ' i ° n8 ^ **— "* Spedfld ^ »<" *- the potency o, 
-*P<o«. whtch can omerwise act as a "buffer- toward dimerfcers based Z 

natural ly moieties. ■naddi B on. li « g e r ^ t ion 0 We 1 nKec to , lig ^ 
^^dsirnul^y^^H^ 

^T*""^ ^^--Suia^vesiclerasionCe 

^^^^^(av^dernernbra.erusiL protein^ 
TLlT , ^^""^P-idea research tooU^^dalsoseXe 

and fo ^ ™ ' B ™'" ,li " ° f FK1 »^" « Prepared CIO acetamide 

T-^TTT''"^ SKH ^ 16A -»ourrepor,.Sp a «re, 
for agonal detatts concerning the syndeses of FK1012s A< J 

aT^l ^^^^"'^^■•'-^aburnp 
at 00 and one a, C9. Trie R- and S-isomers of the CIO acetamide and 

*~-™^.^fl-l^«^ to te 1 » dlon sequence 
» Rgure 1«B. These bumped derivatives have lost a, leas, three orders^ 
magnitude in their binding affinity towards FKBP12 (Figure .68). The affinities 
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Hence, (CsA)2, like FK1012s, does not inhibit signaling pathways and is ±us 
neither immunosuppressive nor toxic 

Vm. Target Gene 

A. Transcription Initiation Region 

Target gene constructs will have a responsive element in the 5' region, 
which responds to ligand-mediated oligomerization of the chimeric receptor' 
protein, presumably via the generation and transduction of a transcription 
initiation signal as discussed infra. Therefore, it will be necessary to select at 
least one transcription initiation system, e.g. transcription factor, which is 
activated either directly or indirectly, by the cytoplasmic domain or can be 
activated by association of two domains. It will also be necessary to select at 
least one promoter region which is responsive to the resulting transcription 
initiation system. Either the promoter region or the gene under its 
transcriptional control need be selected. In other words, an action domain can 
ba selected for the chimeric proteins (encoded by a "first" series construct) 
based on the role of that action domain in initiating transcription via a given 
promoter or responsive element. See e.g. Section V(A) "Cytoplasmic domains", 
20 above. 

Where the responsive element is known, it can be included in the target 
gene construct to provide an expression cassette for integration into the genome 
(whether episomally or by chromosomal incorporation). It is not necessary to 
have isolated the particular sequence of the responsive element, so long as a 
gene is known which is transcriptionally activated by the cytoplasmic domain 
upon natural ligand binding to the protein comprising the cytoplasmic domain. 
Homologous recombination could then be used for insertion of the gene of 
interest downstream from the promoter region to be under the transcriptional 
regulation of the endogenous promoter region. Where the specific responsive 
element sequence is known, that can be used in conjunction with a different 
transcription initiation region, which can have other aspects, such as a high or 
low activity as to the rate of transcription, binding of particular transcription 
factors and the like. 

The expression construct will therefore have at its 5* end in the direction 
of transcription, the responsive element and the promoter sequence which 
allows for induced transcription initiation of a target gene of interest, usually a 
therapeutic gene. The transcriptional termination region is not as important, 
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such as clots, injured sites, sites of surgical manipulation, inflammation • 
infection,**. By providing for expression of surface membrane protein which 
will direct the host cell to the particular site by providing for binding at the host 
target site to a naturally-occurring epitope, localized concentrations of a 
5 secreted product can be achieved. Proteins of interest include homing receptors 
e.g. L-selectin, GMP140, CLAM-1, etc., or addressing e.g. ELAM-i, PNAd ' 
LNAd, etc., clot binding proteins, or cell surface proteins that respond to ' 
localized gradients of chemotactic factors. There are numerous situations where 
one would wish to direct cells to a particular site, where release of a therapeutic 
10 product could be of great value. 

Inir^ysihiatior^oneiraywishtobeabletokmmemodmedceUs e g 
where one wishes to terminate treatment with the cells, where the cells have' 
become undesirable e.g. neoplastic, or where the purpose served by the cells has 
already been served and their continued presence is undesirable. Modified cells 
15 of thos invention, which are capable of expressing a primary chimeric protein 
contammg a domain such as the cytoplasmic domain of the Fas antigen or TNF 
receptor (Watanable-Fukunaga et al. Nature (1992) 356, 314-317), are readily 
eliminated through apoptosis following exposure of the cells to a ligand capable 
of ougomerizing the primary chimeras. Constructs encoding the primary chimera 
■0 may be designed for constitutive expression using conventional materials and 
methods, so that the modified cells have such proteins on their surface or 
present in their cytoplasm. Alternatively, one can provide for controlled 
expression, where the same or different oligomerizing ligand can initiate 
expression of the primary chimera and initiate apoptosis. By providing for the 
5 cytoplasmic portions of the Fas antigen or TNF receptor in the cytoplasm joined 
to binding regions different from the binding regions associated with expression 
of a target gene of interest, one can kill the modified cells under controlled 
conditions. 



30 C. Illustrative Exemplifications 

By way of illustration, cardiac patients or patients susceptible to stroke 
may be treated as follows. Cells modified as described herein may be 
arirdnistered to the patient and retained for extended periods of time 
niustrative cells include plasma cells, B-cells, T-cells, or other hematopoietic 
cells. The cell would be modified to express a protein which binds to a blood 
clot, e.g. having a kringle domain structure or an adhesive interactive protein, 
e.g. CD41, and to express a clot dissolving protein, e.g. tissue plasminogen ' 
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the cells „ou!d accumulate a, the site of the dot ^ ^ for , * ^ 
locahzed ounoentalioi, of the thrombolytic protein. 

^^^ l ^^^on i njury.CeIi5oflta»M| i fe & neco l adbe 
^loy^c ? .r™cr< T h ag e S orrx,l ym orpho„ude»leu]^ fneu ^ hUs ^ 
n»c*wou 1 dhaveaneu^h U h < ^ gr e^ tortodtoftettIls(0 P a ' o 
reperrus,o„ injury. Ihe cell would also express superoxide dilutee, to 
destroy singlet oxygen and inhibit radical attack on the tissue 

T cells could be employed. The constructs would provide for a homing receptor 
forhommgtotasiteofau^^^^^^^^^^P 

causmg Reinjury. Thetherapy would men be din*ed against ceus causing the 
uuury. Alternatively, <« could provide for secretion of soluble receptors ol 

feu^rycausingcdUormduceanergy.AncmeraJ^madvewouIdbeto 
secrete an antiiriflamrnatory product, which could serve to diminish the 

degenerative effects. 

_ * A CXample of chronicpain with endorphin via 

encapsu^on. A stock of human fibroblasts is transfected with a construct in 
which the dumeric transcriptional regulatory protein controls the transcription 
o humanendo^hin. I^eDNA construct consists of three copies of the binding 

rT^l? ^ ^^^^AAGTTAACupstrearnofa 
TATAAA site and a transcriptional initiation site. The endorphin cDNA would 

^T mah ° nSeqUenCeS - ^^theendorphincDNAisoutfittedwith 
PEST ^encestorr^etheproteinunstableorAUUAsequencesintheS' 

untranslated region of the mRNA to allow it to be degraded quickly 
The fibroblasts are also transfected with a construct having two 

transcription units, one of which would encode the HNF-1* cDNA truncated to 
encoder the DNA binding sequence from amino acids 1 to 250 coupled to a 
tnmenc FKBP binding domain under the transcriptional and translation^, 
control of regulatory initiation and termination regions functional in the 
fibroblasts. The construct would include an additional transcription unit driven 
by the same regulatory regions directing the production of a transcriptional 
actuation domain derived from HNF-4 coupled to trimeric FKBF. (The prime 
mtends an altered FKBP that binds at nM concentration to a modified FK506. 
The modification inhibits binding to the endogenous FKBP.) 
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for induced expression of the hormone or factor, so that expression and export 
may be induced concomitantly. 

One may also provide for proteins in retained body fluids, e.g vascular 
system, lymph system, cerebrospinal fluid, etc. By modifying cells which ^ 
have an extended lifetime in the host, e.g. hematopoietic cells, keratmocytes 
muscle cells, etc particularly, stem cells, the proteins can be maintained in the 
fluids for extended periods of time. The cells may be modified with constructs 
wmch provide for secretion or endocytosis. The constructs for secretion would 
have as the translocation domain, a signal peptide, and then as in the case of 
*e°therdumericprotein^ 

domains may be derived from the same or different proteins. For example, with 
assue plasminogen activator, one could have the clot binding region as one 
achon domain and the plasminogen active site as a different action domain 
Alternatively, one could provide enhanced blockage of homing, by having a 
binding protein, such as LFA-1 as one action domain and a selection as a 
second action domain. By modifying suburdts of proteins, e.g. integrins, T-cell 
receptor, slg, or the like, one could provide soluble forms of surface membrane 
protemswru^couldbebroughttogemertobindtoamolecule. Other 
opportunities are complement proteins, platelet membrane proteins involved in 
clotting, autoantigens on the surface of cells, and pathogenic molecules on the 
surface of infectious agents. 
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DC Introduction of Constructs into Cells 

The constructs described herein can be introduced as one or more DNA 
molecules or constructs, where there will usually be at least one marker and 
there may be two or more markers, which will allow for selection of host cells 
wruch contain the construes). The constructs can be prepared in conventional 
ways, where the genes and regulatory regions may be isolated, as appropriate 
ugated, cloned in an appropriate cloning host, analyzed by restriction or 
sequencing, or other convenient means. Particularly, using PCR, individual 
fragments including all or portions of a functional unit may be isolated where 
one or more mutations may be introduced using "primer repair", ligation, in vitro 
mutagensis, etc. as appropriate. The constructs) once completed and 
demonstrated to have the appropriate sequences may then be introduced into 
the host cell by any convenient means. The constructs may be integrated and 
packaged into non-replicating, defective viral genomes like Adenovirus, Adeno- 
associated virus (AAV), or Herpes simplex virus (HSV) or others, including 
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retroviral vectors, for infection or transduction into cells. The constructs n*, 
include viralsequences for transfection, if desired. Alternatively, the construct 
may be introduced by fusion, electroporation, biolistics, transfection 
hpofection, or the like. The host cells will usually be grown and expanded in 
> culture before introduction of the constructs), followed by the appropriate 
treatment for introduction of the constructs) and integration of the construct^) 
The cells will then be expanded and screened by virtue of a marker present in ' 
the construct. Various markers which may be used successfully include hprt 
neomycin resistance, thymidine kinase, hygromydn resistance, etc. 

In some instances, one may have a target site for homologous 
recombination, where it is desired that a construct be integrated at a particular 
locus. For example, can knock-out an endogenous gene and replace it (at the 
same locus or elswhere) with the gene encoded for by the construct using 
materials and methods as are known in the art for homologous recombination 
Alternatively, instead of providing a gene, one may modify the transcriptional 
initiation region of an endogenous gene to be responsive to the signal initiating 
domain, aln such embodiments, transcription of an endogenous gene such as 
EPO, tPA, SOD, or the like, would be controlled by administration of the 
hgand. Forhomologousr^ombination,onemayuseeitheraorO-vectors See 
for example, Thomas and Capecchi, Cell (1987) 51, 503-512; Mansour, et al 
Nature (1988) 336, 348-352; and Joyner, et al, Nature (1989) 338, 153-156 " 

The constructs may be introduced as a single DNA molecule encoding all 
ofm e genes,ordiferentDNAmoleculeshavmgoneormoregenes. The 
constructs may be introduced simultaneously or consecutively, each with the 
same or different markers. In an illustrative example, one construct would 
contam a therapeutic gene under the control of a specific responsive element 
(e.g. NEAT), another encoding the receptor fusion protein comprising the 
signaling region fused to the hgand receptor domain (e.g. as in MZF3E). A third 
DNA molecule encoding a homing receptor or other product that increases the 
ef ficiency of delivery of the therapeutic product may also be introduced. 

Vectors containing useful elements such as bacterial or yeast origins of 
replication, selectable and/or amplifiable markers, promoter/enhancer elements 
for expression in procaryotes or eucaryotes, etc. which may be used to prepare 
stocks of construct DNAs and for carrying out transfections are well known in 
the art, and many are commercially available. 
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modification required, the number of opportunities to modify the particular 
oeUs the accessibility of the tissue to the DNA composition to be introduced 
andthelike. By employing an attenuated or modified retrovirus carryinga ' 

5 ^'thesubjecttrar^^^ 
produced and transfect adjacent cells. 

TlieDNAmtrcducdonneednotresultmmtegrationmevery^ In 
some situations, transient maintenance of the DNA introduced may be 

sufficient -thisway^onecouldhaveashorttennef^whereceUscouldbe 
10 ^ucedmtomehostandmentumedonafterapredetermm 
example, after the cells have been able to home to a particular site 

™ eli ^ d P™idmgfora^ 
be admuustered as desired. Depending upon the binding affinity of the ligand, • 
the response desired, the manner of administration, the half-life, the number of 
15 cellspresentvariousprotocolsmaybeemployed. The ligand may be 

administered parenterally or orally. Renumber of adminisfratior* wul depend 
upon the factors described above. The ligand may be taken orally as a pill 
powder, or dispersion; bucally; sublingual^ injected intravascular^ 
**aperitcmeal^ The ligand (and 

20 monomeric compound) may be formulated using conventional methods and 

matenalsweUknownmmeartformevariousroutesofadmims^ The 
precise dose and particular method of administration will depend upon the 
above factors and be determined by the attending physician or human or animal 
healthcareprovider. For the most part, the manner of administration will be 
25 determined empirically. 

In the event that the activation by the ligand is to be reversed, the 
monomeric compound may be administered or other single binding site 
compound which can compete with the ligand. Thus, in the case of an adverse 
reaction or the desire to terminate the therapeutic effect, the monomeric binding 
» compound can be administered in any convenient way, particularly 

mtravascularly, if a rapid reversal is desired. Alternatively, one may provide 
for Ae presence of an inactivation domain (or transcriptional silencer) with a 
DNA binding domain. In another approach, cells may be eliminated through 
apoptosis via signalling through Fas or TNF receptor as described elsewhere 

The particular dosage of the ligand for any application may be 
determined in accordance with the procedures used for therapeutic dosage 
monitoring, where maintenance of a particular level of expression is desired over 
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suchas^T^^^ 

such as the cellular response to the ligand, the efficiency of expression and L 
ap P rop riate ^ 

teoflosso ^^c^lular activity asaresultof loss of ceUs or expression 

md.vidualcells^dthelilce. ^refore, it is expected that for each 
individual patient, even if there were universal cells which could be 
adn^e^ 

the proper dosage for the individual. 

The subject methodology and compositions may be used for the 

T^lk maybe usedmmetrea^ 

defioenaes, cardiovascular disease, hereditary coagulation deficiencies 
autoimmune diseases, jomt degenerative diseases,** arthritis, pulmonary 
^ladneydisea^endoa^eabnormaaties,^ Various cells invohl, 
-thstruchore ,such as fibroblast and myoblasts, may be used in the treatment 
of genehc defiaencies, such as connective tissue defidendes, arthritis, hepatic 
disease, etc. Hepatocytes could be used in cases where large amounts of a 

protemmustbemadetocomplementadefidencyortodeliveratherapeutic 
product to the liver or portal drculation. 

The following examples are offered by way illustration and not by way 
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Examples 

Cellular Transformations and Evaluation 



5 



Example 1: Induction of Isolated IL-2 Enhancer-Binding Transcription 
Factors by Cross-Linking the CD3 Chain of the T-Cell Receptor. 



The plasmid pSXNeo/IL2 (IL2-SX) (Fig. 1), which contains the placental 
secreted alkaline phosphatase gene under the control of human IL-2 promoter (- 
10 325 to +47; MCB(86) 6, 3042), and related plasmid variants (/.*. NFAT-SX, 
NF B-SX, OAP/Octl-SX, and AP-l-SX) in which the reporter gene is under the 
transcriptional control of the minimal IL-2 promoter (-325 to -294 and -72 to 
+47) combined with synthetic oligomers containing various promoter elements 
(Le. NFAT, NK B, OAP/Oct-1, and API, respectively), were made by three 
15 piece ligations of 1) pPL/SEAP (Berger, et al., Gene (1988) 66,1) cut with Sspl 
and Hindffl; 2) pSV2/Neo (Southern and Berg,/. Mol. Appl. Genet. (1982) 1, 
332) cut with Ndel, blunted with Klenow, men cut with Pvul; and 3) various 
promoter-containing plasmids (/.<?. NFAT-CD8, B-CD8, cxl21acZ-Oct-l, AP1- 
LUC3F3H, or cxl5IL2) (described below) cut with Pvul and Hindm. NFAT- 
20 CD8 contains 3 copies of the NFAT-binding site (-286 to -257; Genes and Dev. 
(1990) 4, 1823) and cxl21acZ-Oct contains 4 copies of the OAP/Oct-l/(ARRE- 
1) binding site (MCB, (1988) 8, 1715) from the human IL-2 enhancer; B-CD8 
contains 3 copies of the NF B binding site from the murine light chain (EMBO 
(1990) 9, 4425) and AP1-LUOF3H contains 5 copies of the AP-1 site (5'-TGA- 
25 CTCAGCGC-3*) from the metaUothionen promoter. 

In each transfection, 5 fig of expression vector, pCDL-SR (MCB 8, 466- 
72) (Tac-IL2 receptor -chain), encoding the chimeric receptor TAC/TAC/Z 
(TTZ) (PNAS 88, 8905-8909), was co-transfected along with various secreted 
alkaline phosphatase-based reporter plasmids (see map of pSXNeo /IL2 in 
30 Fig. 1) in TAg Jurkat cells (a derivative of the human T<ell leukemia line Jurkat 
stably transfected with the SV40 large T antigen (Northrup, et al., J. Biol. Chem. 
[1993]). Each reporter plasmid contains a multimerized oligonucleotide of the 
binding site for a distinct IL-2 enhancer-binding transcription factor within the 
context of the minimal IL-2 promoter or, alternatively, the intact IL-2 
15 enhancer/promoter upstream of the reporter gene. After 24 hours, aliquots of 
cells (approximately 105) were placed in microtiter wells containing log 
dUutions of bound anti-TAC (CD25) mAb (33B3.1; AMAC, Westbrook, ME). 
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and PMA (25 ng/nd) were added to alio..*,* ta, each tWection Ate „ 
^.as.^.yand^ac.ivito^eexp,^^^,,.,^^ 

mrr pls - ,iKadditoo,i ^^*o P ped^acZ, 

d«e to WATtobad 18rora d^e b .<Umo ra ^ thatdcac ^ IBMe ^ 
same pathway a, tha, ^ „y ^ ^ dab ^ 

avenge of ^„ sa.npte and ^ expert was perked .eveza, witt, 

^ ^^we.eob.aJnedwhenaMAba^.tt.eTcRco^ 

(/.e. OKT3) was employed. 

*.mp Ie * toWbito^ Activity „, ,he to „„ nos „ ppresMnlDru 

FK1012B (5), and CsA dimer (PB-1-218). 

lonomycin (1 um) and PMA (25 ng/ml) were added to 105 TAg-Turkat 
^^^-^^variousdrugswere added. After 5 hours the 
cells were l ysed xn mild detergent (/., Triton X-100) and the extracts were 
mcubated with the p^galactosidase substrate, MUG (methyl galactosyl 
umbelhferone) for 1 hour. A glycine/EDTA stop buffer was added and the 
-tracts assayed for fluorescence Each data point obtained was the average of 
two samples and the experiment was performed several times with similar 

results ; Curiously,FK1012B appears to augment mitogen activity slightly at the 
h^ghe*™ 

FK1012B is not stimulatory by itself. See Fig. 6. 

Example 3. Activity of the Dimeric FK506 Derivative, FK1012A, on the 

Chimeric FKBP12/CD3 (1FK3) Receptor. 

5 Mg of the eukaryotic expression vector, pBJ5, (based on pCDL-SR with 

a^polylinkerinsertedbetweenmeieSspUcesiteandme 

the chunenc receptor (1FK3), was co-transfected with 4 ng of the NFAT- 
inducible secreted alkaline phosphatase reporter plasmid, NFAT-SX As a 
control 5 U g of pBJS was used, instead of 1FK3/ P BJ5, in a parallel transferor, 
After 24 hours, aliquots of each transfection containing approximately 105 cells 
were incubated with log dilutions of the drug, FK1012A, as indicated As a 
posmve control and to control for transfection efficiency, ionomycin (1 urn) and 
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myr^o^T ^ M80fAee ^ 0tiCe ^-^PBJ5,cont a inin g a 
mynstoylated dumenc receptor was co-transfected with 4 ug NFAT-SX MZE 

5 ^MZFZEandMZREcontainat^orScopiesof^ ' 

Rg-2). As a control, 5 pg of pBJ5 was used in a parallel transfection. After 
24 hours ahouots of each refection containing approximately 10 5 were 

25n g/mI) were added to aUo.otsfromeachtransfection. After an additional 
12hour Nation, the supernatants were assayed for alkaline phosphatase 
achvny and these activities were expressed relative to that of the positive 
control samples. The addition of 1 ng/ml FK506 dropped all stimulations to 

pamwayasthatblockedbyFKSOe. This result is further evidence of the 

average of two samples and the experiment was performed several times with 
surularresult, SeeHg.8. The myristoylated derivatives respond to lower 

AT dependent transcription to comparable levels, but it should be noted that 

the kgands are different. Compare Figs. 7 and 8. 

In vivo FKl012-ind«ced protein dimerizafion We next wanted to 
cc^firmAat intracellular aggregation of the MZF3E receptor is indeed induced 
bythemoiZ Theinfluenzahaemagglutmmep^ 
construct was therefore exchanged with a different epitope-tag (flag-M2) The 
closely related chimeras, MZF3Efl u and MZF3En LJ T 

Uuanaw,tdll flag/WerecoexpressedinJurkat 
Tcells. hnmunoprecipitation experiments using anti-Flag-antibodies coupled to 
agarose beads were performed after the cells were treated with FK1012A In the 

MZF3E flu and is coimmunoprecipitated with MZF3Efi ag . In absence of 
FK1012A, no coimmunopredpitation of MZF3Efl u is observed. Related 
experiments with FKBP monomer constructs MZFlE flu and MZFlE flag , which 
do not s.gnal, revealed that they are also dimerized by FK1012A. This reflects 
the requuement for aggregation observed with both the endogenous T cell 
receptor and our artificial receptor MZF3E. 



-55- 



WO 95/02684 



PCT/US94/08008 



25 



30 



35 



FK1012- 1 „d«ced protein.tyn.sine phosphorylation The intraceUular 
doman. of me TCR, CD3 and zeta-chains interact with cytoplasmic protein 
tyrosine lonases following antigen stimulation. Specific members of the Src 
family (Ick and/or fyn) phosphorylate one or more tyrosine residues of 

TAM). The tyrosine kinase ZAP-70 is recruited (via its two SH2 domains) to 
^^mephosphorylatedT^U^ceptor, activated, and is likely tobe - 
involved infte further downstream activation of phospholipase C Addition of 
either antx-CD3 MAb or FK1012A to Jurkat cells stably transacted with MZF3E 
0 ^edmmerecruitmentofkmaseactivirytomezeta-^ 

anmvitrolcmaseassayfoUowmgirranunopredpitadonofme^ 
receptor zeta chain and the MZFSE-construct, respectively. Tyrosine 
phosphorylation after treatment of cells with either anti-CD3 MAb or FK1012 
was detected using monoclonal alpha-phosphotyrosine antibodies. Whole cell 
> lysates were analysed at varying times after stimulation. A similar pattern of 
tyrosine-phosphorylated proteins was observed after stimulation with either 
anti-CD3 MAb or FK1012. The partem consisted of a major band of 70 kDa 
probably ZAP-70, and minor bands of 120 kDa, 62 kDa, 55 kDa and 42 kDa. 

Example^,: Regulation of Programmed Cell Death with Immunophilin-Fas 
Antigen Chimeras 

The Fas antigen is a member of the nerve growth factor <NGF)/tumor 
necrosis factor (TNF) receptor superfamily of cell surface receptors 
Crosslinks of the Fas antigen with antibodies to its extracellular domain 
activates a poorly understood signalmg pamway mat results m programmed 
cel. death or apoptosis. The Fas antigen and its associated apoptotic signaling 
pamwayarepresentmmostcellsmdudmgpossiblyallrumorcells. The 
pathway leads to a rapid and unique cell death (2 h) that is characterized by 
condensed cytoplasm, the absence of an inflammatory response and 
fragmentation of nucleosomal DNA, none of which are seen in necrotic cell 
death. 

We have also developed a second, inducible signaling system that leads 
to apoptotic cell death. Like the MZF3E pathway, this one is initiated by 
actuating an artificial receptor that is the product of a constitutively expressed 
responded gene. However, the new pathway differs from the first in that our 
HOD reagents induce the synthesis of products of an endogenous pathway 
rather than of the product of a transfected, inducible (e.g., reporter) gene 



■56- 



WO 95/02684 



PCT/US94/08008 



30 



35 



Trar^canirnaJscanfcdigLJT 

HODreagertiofceanuruu. u.tte„ay,„ Krol e„, S p ed6cbl ^ oelIs 8 
^"^onortarrou^in,,*^^ 

and co-workers (Cuiver e, ai. S« 2M 5063 (1992): 155 J J 
10 subsequent* activated ^ te paSml „ 

totn^tofbram tutors). HnaUy.^con^^^^^,,^ 

*<rapy. ^w^p^a^c^^,,,,^^ 8 " 

^»-^^ hc01—yfcMlacmni isa„in*gration. 
■nduced Ioss of a supprKsof 

rtr 1 " waa "^"^ —Lj .tsl. 

P^^»epro»ide(orfc„ seofonese , ofllgandsanddiimeric 
nsponder pnrteins for regulating apoptosis in the host cells, and another set for 
^t^the^psono,^^^^ lig^^ 

^^onofa^ap^cordes^genearedesignad^rse^Tno, 
cross-react and initiate apoptosis. 

fused to thec^oplasnnicsignaJing dentin of the Fas antigen 
(F gure W). Th 1S construct, when expressed in human Jurkat and munne D10 T 
cells can be induced to dimerize by an FK1012 reagent and initiate a signaling 
cascade resulting in FK1012-dependent apoptosis. The LD 50 for FK1012A- 
mediated death of cells transiently transfected with MFF3E is 15 nM as 
detenruned by a loss of reporter gene activity (Figure 19; for a discussion of the 
assay, see legend to Figure 20). These data coincide with measurements of cell 
death in stably transfected cell lines. Since the stable transfectants represent a 
homogeneous population "of cells, they have been used to ascertain that death is 
due to apoptosis rather than necrosis (membrane Webbing, nucleosomal DNA 
fragmentation). However, the transient transfection protocol is more convenient 
and has therefore been used as an initial assay system, as described below 
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5 ^^<» assays (H^ 2^,7 '^ , ^ dmUp °P ,<Kis ta «™«ie„« 
active construct in the series MC3FEfM ans ^ed with the most 

-itae^to and « " ** ** ** «* 

by* e Fas«^ taK ^ faMato <> f ^--au aio ; 

^notnecssaryferPas-mediaWce,,,,^,,,. '^^locahzahon 
Co. Stal «io„ l) fM^„.s i8 „a 11 i„ 6a , taeilc p roteill 

pepWe. employing W6048 and IW049 to give a 70 bp SacU xTr 1 
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P06O5O and P#6051, a 320 bp XftoI-EcoRI fragment was obtained by PCR. 

^ts^Hga^andin^intoa^n.^^ 
(Stratagene) to provide pIasmid,SK/KS. 

5 s-«, °^ > w' 11 ^ * > '"* n ^ domain for FK506, plasmid rhFKBP (provided by 
S^Sctaerber, Nature (,990) 346, 674) was „sed with P*6052 and ^ ,„ 
^a340bp^.- MnagoOTl ^ latoghumanFKBm 

10 f ^'"i" ™ teM ^ forfeMn2to ^d»mata.SPZ/KS W as 

MIMm^ra^gfragmenttanPKu/Ks. Clones were isolated that 
contarned monomers, dimers, and trimers of FKBP12 ; in the correct Mentation 
The clones 1FK1/KS, 1FK2/KS and ljn"»/i-c . 
5 „n™. • a 1 and 1FK3/KS are comprised of in the direction 

5 ^^P^^signalpepodefrom^n^ineMHCdassngenel-E a 
monomer, dimer or trimer, respectively, of human PKBP12, and the 
^ansmembra^ and cytoplasmic portions of CD3 . Ustiy, the MWB 
frames wereexci^tampBl^p,,^^^ ^ 

IFKl/pBJS. 1FK2/ P B,5, and IFM/pUTS. r^^. Rgs . 3 ^ , 
Example 6 

A. ConstractionoflnttacellularSignalingChmieia. 

pnmer wluch was complementary to a sequence 3' of the transmembrane 
do^namelymm This primer has a SacTL site adjacent to the 5' terminus 
and .»W sequence adjacent to the 3' terminus of the myristoylation sequence 

^eomerpnmer^hasaS^recogrutionsiteyofthesequence 
complementary to the 3" terminus of CD3 , a stop codon and an EcoEl 
recognition site. Using PGR, a 450 bp SacH-Ecom fragment was obtained, which 
was comprised of the myristoylation sequence and the CD3 sequence fused in 
theS to3 ejection. This fragment was ligated into SacH/EcoRI-digested 
pBMXhoIKSatl) and cloned, resulting in plasmid MZ/ P BJ5. Lastly, MZ/ P BJ5 
was digested with Sail, phosphatased, and combined with a 10-fold molar 
excess of the M-Sall FKBP12<ontaining fr agme nt from FK12/KS and ligated 
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After cloning, the plasmids comprising the desired constructs having the 
myristoylation sequence, CD3 and FKBP12 multimers in the 5'-3' direction were 
isolated and verified as having the correct structure. See Figs. 2 and 4. 

B. Construction of expression cassettes for intracellular signaling chimeras 

The construct MZ/ P BJ5 (MZE/pBJ5) is digested with restriction 
enzymes Xhol and Sail, the TCR ; fragment is removed and the resulting vector 
is ligated with a 10 fold excess of a monomer, dimer, trimer or higher order 
multimer of FKBP12 to make MF1E, MF2E, MF3E or MF n E/pBJ5. Active 
domains designed to contain compatible flanking restriction sites (i.e. Xhol and 
Sail) can then be cloned into the unique Xhol or Sail restriction sites of 
MF n E/pBJ5. 

Example 7. Construction of Nuclear Chimera 

A. GAL4 DNA binding domain - FKBP domain(s) - epitope tag. The 
GAL4 DNA binding domain (amino acids 1-147) was amplified by PCR using a 
5' primer (#37) that contains a Sacll site upstream of a Kozak sequence and a 
translational start site, and a 3' primer (#38) that contains a SaR site. The PCR 
product was isolated, digested with SacU and Sail, and ligated into pBluescript 
H KS (+) at the SacU and Sail Sites, generating the construct pBS-GAL4. The 
construct was verified by sequencing. The SacU /Sail fragment from pBS-GAL4 
was isolated and ligated into the IFKl/pBJ5 and IFK3/pBJ5 constructs 
(containing the myristoylation sequence, see Example 6) at the Sacll and Xhol 
sites, generating constructs GF1E, GF2E and GF3E. 

5' end of PCR amplified product 

SacI1 I Gal4 (1-147)— » 

Cl M . M K L L S S I 

i> CGACACCGCGGCCACCATGAAGCTACTGTCTTCTATCG 

Kozak 
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« Gal4 (1-147 ) | 

5 R Q L T V S 

5 ' GACAGTTGACTGTATCGGTCGACTGTCG 
3 ' CTGTCAACTGACATAGCCAGCTGACAGC 

Sa 1 1 
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B. HNF1 dimerization/DNA binding domain - FKBP domain(s) - tag 
The HNFla dimerization/DNA binding domain (amino acids 1-282) was 
amplified by PGR using . 5 « primer (#39) that contains a SacU site upstream of a 
Kozak sequence and a translation^ start site, and a 3' primer (#40) that 
contains a Sail site. The PCR product was isolated, digested with SacU and Sail 
and hgated into pBluescript H KS ( + ) at the SacU and Sail sites, generating the ' 
constructpBS-HNF. The construct was verified by sequencing. ThesJ^/I 
fragment from pBS-HNF was isolated and ligated into the IFK1 / pB J5 and 
IFK3/ P BJ5 constructs at the SacU and Xhol sites, generating constructs HF1E 
HF2E and HF3E. 

5' end of PCR amplified product: 

5acI1 I — HNF1 (1-281) — » 



M V S K L S 



5 * CGACACCGCGGCCACCATGGTTTCTAAGCTCAGC 
Kozak 

3' end of PCR amplified product 



« HNF1 (1-282) 1 

A F R H K L 
35 5 ■ CCTTCCGGCACAAGTTGGTCGACTGTCG 

3 ' GGAAGGCCGTGTTCAACCAGCTGACAGC 



Sofl 



-61- 



WO 95/02684 



PCT/US94/08008 



10 



15 



20 



construct SF3E. or iwtgE, generating 



Insertion of generic start site 



Kozak 

■ M L E 

5 ' GGCCACCATCC 

3 ' CGCCGGTGGTACGAGCT 

SacI * Xfol 
overhang overhang 
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generating the construct NF1E Th^r™,^^ wsneotbflE, 
o iNnt. lhe construct was verified bv DMA ™~ 

Aconstructconfcinmgthem^ 

sequence, In Mild. . ifa^,. 

alsoisolated.llu.isdesignated^^^^ 

resuIted m thegenerah 0 noftheconstru C tsNF2 EandN p3 E 
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T (ACN) 
126 132 
LD PKKKRKVLE 
5 ' TCGACCCTAAGAAGAAGAGAAAGGTAC 
3 ' GGGATTCTTCTTCTCTTTCCATGAGCT 



30 



SalX Xhol 



Threonine at position 128 results in a defective NLS. 
(iii). The VP16 transcriptional activation domain (amino acids 41 

pnmer (#44) that contains an Xhol site. The PGR product was isolated 
digested with San and Xhol, and ligated into MF3E at the Xhol and Sail sites 
gen^tmg^oonstructMVlE.Thecor^ctwasv^ ' 

as a Xhol/ San fragment from MV1E and Hgating this fragment into MV1E 
Reamed with ^ol. Constructs MV2E, MV3E and MV4E were generated in 
trosmanner. DNA fragments encoding one or more multiple VP16 domains 
were isolated as Xhol, Sail fragments from MV1E or MV2E and ligated into 
hneariZed ^ SaR ' generating the constructs NF1V1E and NF1V3E 
MultimersofmeFKBP^dornamwereobtamedbyisolatmgmeFKBm ' 

mtoNFlVlElinearizedwithM. This resulted in the generation of the 
constructs NF2V1E and NF3V1E. 

5' end of PCR amplified product: 

Sail I --VP16 (413-490) » 

A P p T D V 

5' CGACAGTCGACGCCCCCCCGACCGATGTC 
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3" end of PCR amplified product 

«-- VP16(413-490)----| 
D E Y G G 
5 ' GACGAGTACGGTGGGCTCGAGTGTCG 
3 ' CTGCTCATGCCACCCGAGCTCACAGC 



10 



Xhol 

Oligonucleotides: 



WOPF ^CACCCCCCCCACCA^c^^ 

» *»^o.2» m/ on ^gacagtcgaccgatacactcaactgk: 

#43 29mer/0.2um/OFF ^ mGTGCCGGAAGG 
WS^enKr/OAun/OFFS-GGCCACCATCC L ^ TACrCGTC 

^^/o^/ar stcgagcatggtggccgc 

D r ,< ™ staB »»»"™ scdpaoila , Indoc ,. ((ii 

JurkatTAg cells were transfectedwHthf^- 

wereresuspendedinfroet, ^ ^ v;. After 24 hours, the cells 

cou&penaea on fresh media and aliauoteH / . 

concentration of luM After 12 h«„, * „ P ,e 14 J « a final 
expected (in s^fc 2 , or K ^ td 7 M 
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incubation at 37*C for 18 hours. The samples employed in the assays are as 
follows: 

1 • G5E4TCAT (GAL4-CAT reporter plasmid) 

2. G5E4TCAT> GAL4-VP16 

3. G5E4TCAT, NF3V1E 

4. G5E4TCAT, GF2E 

5. G5E4TCAT, GF2E, NF3V1E 

6. G5E4TCAT, GF3E, NF3V1E 



Synthetic Chemistry Examples 

As indicated elsewhere, compounds of particular interest at present as 
oligomerization agents have the following structure: 

linker— {rbmiAbm2, ...rbmrJ. 



wherein "linker" is a linker moiety such as described herein which is 
covalently linked to "n" (an integer from 2 to about 5, ususally 2 or 3) receptor 
20 binding moieties ("rbm"'s) which may be the same or different. As discussed 
elsewhere herein, the receptor binding moiety is a ligand (or analog thereof) for a 
known receptor, such as are enumerated in Section V(C), and including FK506, 
FK520, rapamydn and analogs thereof which are capable of binding to an 
FKBP; as well as cyclosporins, tetracyclines, other antibiotics and macrolides 
25 and steroids which are capable of binding to respective receptors. 

The linker is a bi- or multi-functional molecule capable of being 
covalently linked ("—") to two or more receptor binding moieties. Typically the 
linker would comprise up to about 40 atoms and may include nitrogen, oxygen 
and sulfur in addition to carbon and hydrogen. Illustrative linker moieties are 
disclosed in Section VI(A) and in the various Examples and include among 
others C1-C30 alkyl, alkylate, or arylalkyl groups which may be substituted or 
unsubstituted and may be straight-chain, branched or cyclic For example, alkyl 
substituents are saturated straight-chain, cyclic or branched hydrocarbon moieties, 
preferably of one to about twelve carbon atoms, including methyl, ethyl, n-propyl, i- 
propyl, cyclopropyl, n-butyl, i-butyl, t-butyl, cyclobutyl, cydopr pylmethylene, 
pentyl, hexyl, heptyl, octyl and so forth, and may be optionally substituted with one 
or more substituents such as lower alkoxy, carboxy, amino (substituted or 
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These compounds may be prepared using commercially available 

mtexest are those which bind to a receptor with a Kd of less thanl0-6 
preferabty less than about and even more preferably, less than 10"8 M 

(^esubdassofoUgomerizmgagenteofinterestarethosemwW^ 
more of the receptor binding moieues is FK506, an FK506-typ e compound or a 

per compound 5 or 13 in Fig 9A, or through the cydohexyl ring (C29-C34) e g 
^ough me02hydroxylasper compounds, ^H.Ao^Zi 
th, dass may be prepared by adaptation of methods disclosed herein 
5 including in the examples which follow. 

^f rsuMa *°f°Ugome^^ 
least one of the receptor binding moieties is FK520 or a derivative thereof 

^"-etyasmFK^ 

^ S -y^P-Pared by adaptation of Scheme 1 in Fig. 10, Scheme 2 in Fig, 
HA and 11B or Scheme 3 in Fig 12 and Fig 13. 

at ]e /^r uWassofous( ^ 

at least one of the receptor binding moieties is cyclosporin A or a derivative 
invent 

uivenbonmaybehom^^^ 

agen^maybeprepard by analogy to the procedures presented herem, including 
Scheme 3 in Figure 13 and as discussed elsewhere herein. 

The following synthetic examples are intended to be illustrative. 

A. General Procedures. All reactions were performed in oven-dried 
glassware under a positive pressure of nitrogen or argon. Air and moisture 
sensitive compounds were introduced via syringe or cannula through a rubber 

septum. 

B. Physical Data. Proton magnetic resonance spectra (lH NMR) were 
recorded on Bruker AM-500 (500 MHz), and AM-400 (400 MHz) 
spectrometers. Chemical shifts are reported in ppm from tetramethylsilane 
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usmg the solvent resonance as an internal standard (chloroform, 727 ppm) 
Data are reported as follows: chemical shift, multiplicity (s = singlet d - ' 
doublet, t = triplet, q = quartet, br = broadened, m = multiplet), coup** 
constants (Hz), integration. Low and high-resolution mass spectra were 
5 obtained. 

C Chromatography. Reactions were monitored by thin layer 
chromatography (TLC) using E. Merck silica gel 60F glass plates (0.25 mm). 
Components were visualized by illumination with long wave ultraviolet light 
expend to iodine vapor, and/or by dipping in an aqueous eerie ammonium ' 
10 molybdatesolutionfonowedbyheaung. Solvents for chromatography were 
HPt£ grade. U quid chromatography was performed using forced flow (flash 
chromatography) of the indicated solvent system on E. Merck silica gel 60 (230- 
400 mesh). 

D Solvents and Reagents. All reagents and solvents were analytical 
15 grade and were used as received with the following exceptions 

Tetrahydrofuran (THF), benzene, toluene, and diethyl ether were distilled from 
sochum metal benzophenoneketyl. Triethylamine and acetonitrile were distilled 
from calcium hydride. Dichloromethane was distilled from phosphorous 
pentose. Dimemylformamide (DMF) was distilled from calcium hydride at 
» reduced pressure and stored over 4 A molecular sieves. 



Preparation of FK506 Derivatives 
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Example 9. Hydroboration/Oxidation of FK506-TBS 2 (1 to 2). 

The hydroboration was performed according to the procedure of Evans 
(Evans, etai.JACS (1992) 114, 6679; ibid. (1992) 6679-6685). (See Hardin* 
et al, Nature (1989) 341, 758 for numbering.) A 10-mL flask was chafed wKh 
2432-bis[(terf^ ^ m& Q m ^ 

[Rh(nbd)(diphos^)]BF 4 (3.1 mg, 0.004 mmol, 13 mol %). The orange mixture 
was dissolved in toluene (2.0 mL) and the solvent was removed under reduced 
pressure over four hours. The flask was carefully purged with nitrogen and the 
orangish oil was dissolved in THF (3.0 mL, 10 mM final concentration) and 
. cooled to 0°C with an ice water bath. Catecholborane (98 uL, 0.098 mmol 
1.0 M solution in THF, 3.0 equiv.) was added via syringe and the resulting 
solution was stirred at 0°C for 45 min. The reaction was quenched at 0»C with 
0.2 mL of THF/EtOH (1:1) followed by 0.2 mL of pH 7.0 buffer (Fisher; 0.05 M 
phosphate) then 0.2 mL of 30% H2Q2. The solution was stirred at room 
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reaction mixture was diluted with ,r m Cdat2 ° Cf °**6h. The 

"tad carbonate was 1 , heXantte *5" «*** The destad 
51%). m ' *«* «**• (16.8 „. 0M ^ 

Dimerizafion of FK506 (3 to 4) ah™i t 
Scientific Glassware) was chareed t ^ ^ Vial 

20'C and was quenched bvdih.H " ^ The rea *°n stirred 22 h at 

00 ntf.,. n« phases were < ^ "'""-omto solution 

»*h dicKloromeft^ (2 x ,„t^ T" ^ ba *-*««' 

^(MsSO^conJ^^Xfl^^^ • 
«o W he*a«,ethyl acetate. „ m u Autography (3:1 to 2:1 
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Deprotectionof me FK506 Dimer (4 to 5). The protected dimer (S3 mg,- 
1.4 umol) was placed in a IS-mL polypropylene tube fitted with a spin vane 
Acetorutrile (05 mL, 3 mM final concentration) was added and the solution ' 
stored at 20°C as HF (55 uL, 48% aqueous solution; Hsher) was added The 
solution was stirred 18 h at room temperature: The deprotected FK506 
derivative was then partitioned between dichloromethane and saturated 
aqueous sodium bicarbonate in a 15-mL test rube. The tube was vortexed 
extensively to mix the phases and, after separation, the organic phase was 
removed with a piper. The aqueous phase was back-extracted with dichloro- 
methane (4 x 2 mL), and the combined organic phases were dried (MgS0 4 ) 
concentrated and subjected to flash chromatography (1:1:1 hexane:THF:ether to 
1:1 THF:ether) providing the desired dimer as a dear, colorless oil (1.7 mg, 
0.93 umol, 65%)! & 

^^gtheaboveproceduxe^mermonoammesanddiammesr^^ 
used, such as benzylamine (14) octamethylenediamine, decamemylenediaj.e, 
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Example 10. Reduction of FK506 with L-Selectride (FK506 to 6) 
Darushefsky and coworkers have shown that the treatment of FK506 with L- 
Selectride provides 22-dihydro-FK506 with a boronate ester engaging the C24 
and C22 hydroxyl groups (Coleman and Danishefsky, Heterocycles (1989) 28 
157-161; Fisher, et al.,J. Org. Chem. (1991) 56, 2900-2907). 

Preparation of the Mixed Carbonate (6 to 7). A 10-mL flask was 
charged with 22^ihydro-FK50^c-butylboronate (125.3 mg, 0.144 mmol) and 
aeetonitrile (3.0 mL, 50 mM final concentration) and stirred at room 
temperature as triethylamine (200 uL, 1.44 mmol, 10 equiv.) was added to the 
clear solution. N>T-disucdnimidyl carbonate (184.0 mg, 0.719 mmol) was 
added in one portion, and the clear solution was stirred at room temperature for 
44 h. The solution was diluted with ethyl acetate (20 mL) and washed with 
saturated aqueous sodium bicarbonate (10 mL) and the phases were separated 
The aqueous phase was then back-extracted with ethyl acetate (2 x lOmL), and 
the organic phases were combined, dried (MgS0 4 ), and the resulting oil was 
subjected to flash chromatography (1.1 to 1:2 hexane:ethyl acetate) providing 
the desu-ed mixed carbonate as a clear, colorless oil (89.0 mg, 0.088 mmol, 61%) 

Dimerization of FK506 Mixed Carbonate (7 to 8). A dry, 1-mL conical 
glass vial (Kontes Scientific Glassware) was charged with the mixed carbonate 
(15.0 mg, 0.0148 mmol) and dichloromethane (500 uL, 30 mM final 
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concentration). The solution was stirred j,t ™~ ♦ 
5 ^»»us sodium bicrtK^atesotaao,, « ™^ w ^™* saturated 

(IS^ocrylenediainm^decamethylenecUainineneibLsn , 
Wtnaminomethylcyclohexane^fc W^amine, 

5 

Example 11. Oxidative Cleavage and *ed„ ction of FK 506(lto9) The 
°^ Iaho ™asperfo^ 

Tetrahedron Lett. (1976) 17 l^xgJ , ° f KeUy (VanRheen ^ 
accordingtothep^eL ^^^^ 
5032-5036). The aldehyde reducZ f ' 7 * ^ (1986) 51 ' 

THF (2.0 mL 41 mltf fin.i & o1, 5 e< * uiv ' and 

0 nn« Tn! c °«centration). Osmium tetroxide (45 M L 

0.008 mmol, 0.1 equiv) was added via S vrin» n, , 

6 rcachon was then diluted with «*)«>/ 

the aqueous layer was back-extracted with ether (2 * 5 m L> T*. I t „ 
^^weredried^^^ll^rr 
fho J - omaro Srapny (3.1 to 2:1 hexane:ethyl acetate) providing 

aldehyde was mediately dissolved in THF (4.0 mL) and cooled to -78°C 
under an atmosphere of nitrogen, and treated with lithium tris[(3-ethvl-3- 
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pentyl)oxy]aluminum hydride (0.60 mL, 0.082 mmol, 0.14 M solution in 1 HF 
1.0 equiv). The clear Bolution was allowed to stir for 10 nun at -78°C then 
quenched by dilution with ether (4 mL) and addition of saturated aqueous 
ammonium chloride (0.3 mL). The mixture was allowed to warm to room 
> temperature and solid sodium sulfate was added to dry the solution The 
mixture was then filtered and concentrated and the resulting oil was subjected 
to flash chromatography (2:1 hexane:ethyl acetate) giving the desired alcohol as 
a clear, colorless oil (39.5 mg, 0.038 mmoL 47%). 

Preparation of Mixed Carbonate (9 to 10). The preparation of the mixed 
1 carbonate was accomplished by the method of Ghosh, et al. Tetrahedron Lett 
(1992) 33, 2781-2784). A 10 mL flask was charged with the primary alcohol 
(38.2 mg, 0.0369 mmol) and acetonitrile (2.0 mL, 10 mM final concentration) 
and stirred at room temperature as 2,6-lutidine (43 uL, 0.37 mmol, 10 equiv) 
was added. H^uccinimidyl carbonate (48 mg, 0.18 mmol) was added in 
one portion and the solution was stirred at room temperature for 24 h The 
reaction mixture was diluted with ether (10 mL) and washed with saturated 
aqueous sodium bicarbonate solution (10 mL). The phases were separated and 
the aqueous layer was back-extracted with ether (2 xlO mL). The organic 
phases were combined and dried (MgS0 4 ), concentrated, and subjected to flash 
chromatography (2:1 to 1:1 hexane:ethyl acetate). The desired mixed carbonate 
was isolated as a clear, colorless ofl (32.6 mg, 0.028 mmol, 75%). 

Preparation of Benzyl Carbamate (10 to 11). A dry, 1 mL conical glass 
vial (Kontes Scientific Glassware) was charged with the mixed carbonate 10 
(8.7 mg, 0.0074 mmol) and acetonitrile (500 uL, 15 mM final concentration) 
The solution was stirred at room temperature as triethylamine (10 uL, 
0.074 mmol, 10 equiv) was added followed by benzylamine (1.6 uL ' 
0.015 mmol, 2 equiv). The reaction stirred 4 h at room temperature.' The solvent 
was removed with a stream of dry nitrogen and the oil was directly subjected to 
flash chromatography (3:1 to 2:1 hexane:ethyl acetate) providing the desired 
protected monomer as a clear, colorless oil (6.2 mg, 5.3 fimol, 72%). 

The protected monomer (6.2 mg, 5.3 nmol) was placed in a 1.5 mL 
polypropylene rube fitted with a spin vane. Acetonitrile (0.5 mL, 11 mM final 
concentration) was added and the solution stirred at room temperature as HF 
(55 uL, 48% aqueous solution; Fisher, 3.0 N final concentration) was added. 
The solution was stirred 18 h at room temperature. The deprotected FK506 
derivative was then partitioned between dichloromethane and saturated 
aqueous sodium bicarbonate in a 15 mL test tube. The tube was vortexed 
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extensively tomix Cephases and, after separation, the organicphase waJ 
removed w:th a pipet. The aqueous phase was back-extracted with 

dear, colorless oil (3.9 mg, 4.1 umol, 78%). 

n» /^f^^^^-tha dian^esudaasxylylenecfiamine 
(12) hexamethylenedianune, octamethylenediaxnine, decamethylenediamine (13) 
^ OT °^<^es,ciimen^^ 

Example ^ Preparation of the Mixed Carbonate of FK506 (12). A 10-mL 
ToZ ^ WiUl * ((to ^y%>Wl« (3393 

• tetrox.de (0.183 mL, 0.033 mmol, 0.1 equiv, 0. 18 Msolnin water) was added 
fringe. The dear, colorless solution was stirred at room temperature for 4.5 
h. The reacuon was diluted with 50% aqueous methonol (4.0 mL) and sodium 

washedw.msaturatedao.eoussodiumbicarbonate^ ^ 
^™ P arated and the aqueous layer was back-extracted with ether 
(2x10 mL). The combmed organic layers were dried over MgS0 4 and solid 
sod.umsulfiMSOmg). ^organic phase was then filtered and concentrated 
and the resulhng aldehyde was immediately dissolved in THF (8.0 mL) and 

l(3^thyl-3- P entyl)oxy] aluminum hydride (2.35 mL, 0.329 mmol, 0 14 M 

1 C }™T dOSCly * ^ *« ^-ched at -78 »C by dilution with 
e*er (5 mL) and addition of saturated aqueous ammonium chloride (0.3 mL). 
The mxxture was allowed to warm to room temperature and solid sodium 
sulfate was added to dry the solution. The mixture was stirred 20 min, filtered 

mL). To the soluhon of the resulting primary alcohol in CH3CN was added 2 6- 
undine (0380 mL, 33. mmol, 10 equiv) and N,N^uccinimidyl carbonate ' 
(420 mg, 1.65 mmol, 5 equiv). The heterogenous mixture was stirred at room 
temperature for 19 h, at which time the solution was diluted with ether (30 mL) 
and washed with saturated aqueous sodium bicarbonate (20 mL). The aqueous 
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ch^a to graph y (3: ltoMloJ:lhe!(ane/elhyia<:ela|e) 

carbomte B was isolated as a dear, colons « (217 0.184 «»„,, 56% 
5 overall for 4 steps) 

Example 13. Preparation of 24, 24V 32, 32'-tetrakis [(tert- 
butyldimethylsUyDoxyHiao^A. (p-xylylenediamine bridge) A dry 1-mL 

0 and acetorutnle (500 ,L, 41 mM final concentration). Thiamine (28 uL 
0-20 mmol, 10 equiv) was added followed by p-xylylenediamine (46 uL, 0 0101 
minolO^MsolutioninDMF). Thereaction stirred 18 hat room temperature 
the solvent was removed with a stream of dry nitrogen, and the oil was directly' 
s ^^tofla S hchron a atogra P hy(3:lto2:l to l:lhexa ne /ethyl a ceta^ 

Example ^ Preparation of FK1012-A (p-xylylenediamine bridge) (13). The 
* ^" (1L0mg ' 4 - 9 ^° ,)WM P^ mal ^Polypropylenetube 
^ ACet ° nitriIe (a5 ° ^ 10 ^ concentration) was 

Rsher, 3.0 N final concentration) was added. The solution was stirred 16h at 
room temperature. The deprotected FK506 derivative was then partitioned 
between dichloromethane and saturated aqueous sodium bicarbonate in a 15- 
mLtesttube Tne tube was vortexed extensively to mix the phases and, after 
separation, the organic phase was removed with a pipet. The aqueous phase 
was back-extracted with dichloromethane (4x2 mL), and the combined organic 
phases were dned (MgS04), concentrated and subjected to flash 
chromatography (1:1:1 hexane/THF/ether to 1:1 THF/ether) providing 
FK1012-A as a dear, colorless oil (5.5 mg, 3.0 umol, 63%). 

Example 15. Preparation of 24, 24', 32, 32'-tetrakis[(ter- 
butyldimethylsilyI)oxy].FKl012-B(diaminodecane bridge). A dry 1-mL 
corneal glass vial was charged with the mixed carbonate (53.3 mg, 0.0453 mmol) 
and acetonitrile (2.0 mL, 11 m M final concentration). Triethylamine (16 uL 
0.11 mmol, 5 equiv) was added followed by diaminodecane (61 uL, 0 0226 ' 
mmol, 0.37 M solution in DMF). The reaction stirred 12 h at room temperature 
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the solvent was removed with a strpan, ~< a 

Wording ft. * * hMM ''«*J* 

5 

combined organic phases were dried (M^s 1 6 

n . u ( M gS04), concentrated and subjected fn 

flash chromatography (100% eth yl acetate to 201 ethvl * / T 
a£fordino-F^mi9n , yl acetate /methanol) 

affordmg FK1012-B as a clear, colorless oil (5.3 mg, 2.9 ^ol, 37%). 

20 Exam pl e 17. Preparation of 24, 24V 32, «WhKh* 

*e nuxed carbonate and triethylanj (0 100 0 70 0 ^ 

containing the mixed r^,, ™ «*unoaecane -1,10. The flask 

g the mixed carbonate 12 was washed with dichloromethane f2x0 5n 
mL) to ensure complete transfer of the mixed carbonate 12 TheTT 
16h a t23<>C meS olventwasremovedwima^tfd ^ 
30 ^-^ectlysubJectedtoflashchromTto^ 

acetate) to afford the desired protect bexane/ethyl 
11 .5 Itt* 34%). ' " 3 dCar ' oil (29.6 mg; 

Example 18. Preparation of FKl012-r rto tu 

flea. Ace^Mfe ,„« J_ "JZTF""**"""** *** ' Stota « 
solo*™ .« -4 concmtaSon) was added, and the 
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Fisher, 3.6 N final concentration) was added. The solution was stirred 17 h at 
room temperature. The desired symmetrical dimer was then partitioned 
between dichloromethane and saturated aqueous sodium bicarbonate in a 15- 
mL test tube: The tube was vortexed extensively to mix the phases and, after 
separation, the organic phase was removed with a pipet The aqueous phase 
was back-extracted with dichloromethane (4x2 mL), and the combined organic 
phases were dried (MgS04), concentrated and subjected to flash 
chromatography (100% ethyl acetate to 15:1 ethyl acetate/methanol) affording 
FK1012-C as a clear, colorless oil (115 mg, 5.5 junol, 47%). 

Preparation of CsA Derivatives 

Examples. MeBmt(OAc)- -OHlCsA (2). MeBmt(OAc)- -OAcl-CsA (1) 
(161 mg, 124 mmol) (see Eberle and Nuninger, /. Org. Chem. (1992) 57, 2689) 
was dissolved in Methanol (10 mL). KOH (196 mg) was dissolved in water 
(8 mL). 297 uL of the KOH solution (.130 mmol. 1.05 eq.) was added to the 
solution of (1) in MeOH. This new solution was stirred at room temperature 
under an inert atmosphere for 4 hours at which time the reaction was quenched 
wuh acetic acid (2 mL). The reaction mixture was purified by reversed phase 
HPLC using a 5 cm x 25 cm, 12 u, 100 A, C18 column at 70°C eluting with 70% 
acetonitrile/H 2 0 containing 0.1% (v/v) Trifluoroacetic acid to give 112 mg 
(72%) of the desired monoacetate (2). 

MeBmt(OAc)- -CXXKmlCsA (3). MeBmt(OAc)- -OHl-CsA (2) (57 mg 
45.5 umol) and carbonyldiimidazole (15 mg, 2 eq., 91 umol.) were transferred ' 
into a 50 mL round bottom flask and dissolved in dry THF (6 mL). 
Diisopropylethylamine (32 uL, 4 eq., 182 umol) was added and then the solvent 
was removed on a rotary evaporator at room temperature. The residue was 
purified by flash chromatography on silica gel using ethyl acetate as eluent to 
give 45 mg (73%) of the desired carbamate (3). 

Tris-(2-anun()emyl)amine CsA Trimer Triacetate (6). MeBmt(OAc)- - 
OCOIml-CsA (3) (7.5 mg, 5.54 umol, 3.1 eq.) was dissolved in THF (100 uL) 
Diisopropylethylamine (62 uL, 5 eq., 8.93 umol of a solution containing 100 uL 
of amine in 4 mL THF) was added followed by tri S (2-arninoethyl)amine (26 uL, 
1.79 umol, 1 eq. of a solution containing 101 mg of tris-amine in 10 mL THF) 
This solution was allowed to stir under N 2 atmosphere for 5 days. The reaction 
mix was evaporated and then purified by flash chromatography on silica gel 
using 0-5% methanol in chloroform to give 4.1 mg of desired product (6). 
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Example 20. Diaminodecane CsA Dimer (8). Solid Na metal (200 mg, excess) 
wasreactedwimd^methanoiaOmLJatO^C Diaminodecane CsA Dimer 
Diacetate (5) (4.0 mg) was dissolved in MeOH (5 mL). 2.5 mL of the NaOMe 
5 solution was added to the solution of (5). After 2^5 hours of stirring at room 
temperature under an inert atmosphere, the solution was quenched with acetic 
aad (2 mL) and the product was purified by reversed phase HPLC using a 
5 mm x 25 mm, 12 u, 100 A, C18 column at 70°C eluting with 70-95% 
acetonitrile/H 2 0 over 20 minutes containing 0.1% (v/v) Trifluoroacetic acid to 
10 give 2.5 mg (60%) of the desired did. 

™ e aanunodecane CsA Dimer Diacetate (5) was prepared by replacing 
the tns(2-airunoemyl)amine with 0.45 eq. of 1,10-diaminodecane. 

Example 21. p-Xylylenediarnine CsA Dimer (4). The p-xylene diamine CsA 
Dimer (4 was prepared by replacing the h^Z-aminoethyOamino with 0.45 eq 

of p-xylylene diamine. 

cydophilin axe prepared by linking at a site other than the l(MeBmt 1) site 
Posmon 8 D-isomer analogues are produced by feeding the producing 
» ^--^theD-arnmoanaloguetoobtam 

site. See Patchett, et al, /. Antibiotics (1992) 45, 943 (B-MeSO)D-Ala8-c sA) . 
Traber ,et */., ibid. (1989) 42, 591). The position 3 analogues are prepared by 
poly-ht^ation/alkylationofCsA^pedficaUyatthe -carbon of Sac3. See 
Wenger, Transplant Proceeding (1986) 18, 213, supp. 5 (for cydophilin binding 

and activity profiles, particularly D-MePheS-CsA); Seebach, U.S. Patent 
No. 4,703,033, issued October 27, 1987 (for preparation of derivatives) 

Instead of cydosporin A, following the above-described procedures 
other naturaUy-cKrurring variants of CsA may be multimerized for use in the 
subject invention. 

I 

Example 21A. Alternative synthesis for CsA dimer 
MeBmKOHH-OCOImLCsA 

McBm t (OH)-n-OHl-CsA (38 mg . 31 u mo ,, ,2,8.6 g/mo.) and carbonvldii.idazole 
(20 mg, 4eq., ,24 umol, ,62.,5 g/ m o,) were transferred into a ,0 mL round bottom 
flask and dissolved in dry THF (2 mL). Diisopn>p y , e th y , am i„ e (22 uL, 4 eq ,25 
Mm* 129.25 g/mol) was added and then the solvent was removed on a rotary' 
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evaporator a, room temerature. The residue was purified by flash ch, 

on silica gel using 0-20% • . P«nnea Dy flash chromatography 

»f. whiKsCiT " ^ "~ - — - «■» «• yil) 

Me o 

Me W 
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( v Me 

NMe^e 



M 



l6 N/ 

Me 




Me 



NMe M ' . . fa 

Me Ma M« X X 



Me Me Me^Me 
(CsA)2 xylylenediamine CsA dimer 
MeBmt(OH)-Ti-OCOIml-CsA m * ™ o c 

DCM <200uL) To * , £ * ^lm0, • 13,2:7 was to'ved in 

<-M(200pX). To this solution was added 22ul (0 5ea 4 7 5um „n * , 
xylene diamine (14.7 rag( ,36^ mol) in DMS^ri 7„ * 
mixture was stirred 70 i, ( md ^ 11630110,1 




Me 



o Me 

M9 ° Me Me°Mrf^- 




Me 



20 



Example 21B. Synthesis of a FK506-CsA dimer 



MeBmt(OAc).T ) -CH 2 COOEt-CsA 

TOF s „,„„o„ of te ^ of e[hy| ^ 
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prepared by the addition of iPrMgCl (2.15 mL, 2.34 M in ether) to a 0°C solution of 
ethyl hydrogen malonate (Lancaster, 2.5 mmol, 332 mg, 132.12 g/mol) in THF (4.7 
mL) followed by warming to room temperature. The reaction mixture was quenced 
with IN HCL (50 mL) and extracted with ethyl acetate (2 x 50 mL). The organic 
5 layers were dried over Na2S04, filtered and evaporated. 

The crude product was dissolved in DMF (1 mL). Et4NOAc.4H20 (150 mg. 
excess) was added and the mixture was heated at 90°C for 2 hours. The reaction 
mixture was cooled to room temperature, diluted with H2O (50 mL) and extracted 
with ether (2 x 50 mL). Hie combined organics were dried over Na2S04, filtered 
10 and evaporated. Hie residue was purified by flash chromatography on silica gel, 
eluting with 75-100% ethyl acetate/hexanes to give 1 1.4 mg (55%) of a white solid. 




15 

MeBmt(OH)-Ti-CH2COOHl-CsA 

MeBmt(OAc)-Ti-CH2COOEt 1 -CsA (1 1.0 mg, 8.27 jimol, 1330.76 g/mol) was 
dissolved in MeOH (2 mL) and added to a solution of NaOMe (1.30 M in MeOH, 10 
mL). The reaction mixture was stirred at room temperature under a nitrogen 

20 atmosphere for 5 hours at which time H2O (2 mL) was added and the mixture was 
stirred for another 2 hours. The reaction was quenced with glacial acetic acid (1 
mL), filtered through glass wool and purified by reverse phase HPLC (Rain in CI 8 
dynamax, 5|X, 300 A, 21.4 mm x 250 mm, 20 mL/min, 50 to 90% 
ACN/H2O(+0.1%TFA) over 30 minutes, 70°C) to give 5.5 mg (53% yield) of a 

25 white solid. 
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bls.TBS-N-(cKBoc-amiiio)h«yl) FK506 carbamate 

bis-TOS-FK506 «d„i m idyl cartonate M» a precu^ ,„ (,b sH .FK,o,2) a 8 

i^T" "* — * *»» for ,0 mi„ a, ^ lemperaw „ 
-M. .*» «. evaded «, the prcduc, porfned by „*„ ' ^ 



15 



20 



BOC-NH' 




O 

N-(6-aminohexyl) FK506 carbamate 

bi S -IBS-N-(6-(Boc-a mi „o)hexyl) FK506 carbamate (5.9 mg , 1278.88 g/ mo l, 4 61 

£ ( rrr; a po,ypropy,ene ^ in acn (7 °° *> »— * «*— 

HF (49%, , 00 uL). The .action was co mp ,ete after six hour, at roo m tempelre 
and was quenched by the s.ow addition of a salted soiution of NaHC0 3 2 
« was dilu ted with saturated NaHC0 3 (4mL), H20 ( 4m L) and extract with 
(3 ^ COmbined OT S-ic phases were dried with MgS0 4 , fiitered 

and evaporated to give 3.6 mg (82% yield) of crude product. 
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FKCsA 



MeBmtCOHH.CH2COOHl.CsA n sa ra „ , 

dissolved ■„ DCM WOuT^r' , "* , " n0, • m2J <*»*> «* 
^WML). To this solution was added 127m n»„ * o 




Example 22. (A) Structure-Based Desien an /i c «. - 

. dbea ues ign and Synthesis of FKl012-"Riim«« 

aM , Jl ba "T atC9andC10O " !K506 ' wWd ' can be and have be*, 
access ^^.clash^a^,^^^^^ 
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Thus, one class of mutant receptors for such ligands should contain distin. rt 
modifications, one creating a compensatory hole for the CIO substituent and one 
for the C9 substituent Carbon 10 was selectively modified to have either an N- 
acetyl or N-formyl group projecting from the carbon (vs. a hydroxyl group in 
5 FK506). The binding properties of these derivatives clearly reveal that these 
CIO bumps effectively abrogate binding to the native FKBP12. Figure 21 depicts 
syntheses of FK506-type moieties containing additional C9 bumps. By 
assembling such ligands with linker moieties of this invention one can construct 
HED and HOD (and antagonist) reagents for chimeric proteins containing 
10 corresponding binding domains bearing compensatory mutations. An 

illustrative HED reagent is depicted in Figure 21 that contains modifications at 
C9 and CIO'. 

This invention thus encompasses a class of FK506-type compounds 
comprising an FK506-type moiety which contains, at one or both of C9 and 

15 CIO, a functional group comprising -OR, -R, -(CO)OR, -NH(CO)H or 

-NH(CO)R, where R is substituted or unsubstituted, alkyl or arylalkyl which 
may be straightchain, branched or cyclic, including substituted or unsubstituted 
peroxides, and carbonates. "FK506-type moieties" include FK506, FK520 and 
synthetic or naturally occurring variants, analogs and derivatives thereof 

20 (including rapamycin) which retain at least the (substituted or unsubstituted) 
C2 through C15 portion of the ring structure of FK506 and are capable of 
binding with a natural or modified FKBP, preferably with a Kd value below 
about 10" 6 M. 

This invention further encompasses homo- and hetero-dimers and higher 
25 order oligomers containing one or more of such FK506-type compounds 

covalently linked to a linker moiety of this invention. Monomers of these FK506- 
type compounds are also of interest, whether or not covalently attached to a 
linker moiety or otherwise modified without abolishing their binding affinity for 
the corresponding FKBP. Such monomelic compounds may be used as 
30 oligomerization antagonist reagents, i.e., as antagonists for oligomerizing 

reagents based on a like FK506-type compound. Preferably the compounds and 
oligomers comprising them in accordance with this invention bind to natural, or 
preferably mutant, FKBPs with an affinity at least 0.1% and preferably at least 
about 1% and even more preferably at least about 10% as great as the affinity of 
35 FK506for FKBP12. See e.g. Holt et al, infra. 

Receptor domains for these and other ligands of this invention may be 
obtained by structure-based, site-directed or random mutagenesis methods. We 
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other sa.aUaa™, acids* placeofoneortnoreofTy^ Ph^ A ^ " 

with FK506-tvDe and FIC , . ' or ' ualorAs P 37 » conjunction 

NHCOR i ^ ^-sai-type hgands contain subsutuents at CI0 . 

S,.«i^ nut a gmeslsmaybeoondu<:ted 

D^ona^^^^,,^^^ over 

TOBma!e *« *-*>rd rotamase assay „av be utffizT c«e 

rad,„,abded 3H 2 ^hydroFK 5 06 and S^-dihynCsA that „e have used 

ote. A ta,, taonprotemcmsisb^ofatargeiprolemfusedfoa 
tramcnptional aeration domain Is compressed with a cDNA library of 

^)- te racho„ i sde te c te d b y th ea p p e a nlnC e ofa reporter gel product 
"hose synthesis requires the joining „ f the DNA-binding ar^ acuvaHon 
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domains. The yeast two-hybrid system mentioned here was originally • 
developed by Elledge and co-workers. Durfee et al, Genes & Development 7 4 
(1993): 555-69 and Harper et al, Cell 75 4 (1993): 805-816. 

Since the two-hybrid system per se cannot provide insights into receptor- 
ligand interactions involving small molecule, organic ligands, we have developed 
a new, FK1012-indudble transcriptional activation system (discussed below). 
Using that system one may extend the two hybrid system so that small 
molecules (e.g., FK506s or FK1012s or FK506-type molecules of this invention) 
can be investigated. One first generates a cDNA library of mutant FKBPs (the 
hooks) with mutations that are regionally localized to sites that surround C9 
andCl0ofFK506. For the bait, two different strategies may be pursued. The 
first uses the ability of FK506 to bind to FKBP12 and create a composite surface 
that binds to calcineurin. The sequence-specific transcriptional activator is thus 

comprised of: DNA-binding domain-mutant FKBP12 — bump-FK506 

calcineurin A-activation domain (where - refers to a noncovalent binding 
interaction). The second strategy uses the ability of FK1012s to bind two 
FKBPs simultaneously. A HED version of an FK1012 may be used to screen for 
the following ensemble: DNA-binding domain-mutant FKBP12-bump-FK506- 
normal FK506— wildtype FKBP12-activation domain. 

1. Cakineurin-GaU activation domain fusion as a bail: A derivative of pSE1107 
that contains the Gal4 activation domain and calcineurin A subunit fusion 
construct has been constructed. Its ability to act as a bait in the proposed 
manner has been verified by studies using the two-hybrid system to map out 

25 caldneurin"s FKBP-FK506 binding site. 

2. hFKBP12-Gal4 activation domain fusion as a bait. hFKBP12 cDNA may be 
excised as an EcoRI-HindlH fragment that covers the entire open reading frame, 
blunHmded and ligated to the blunt-ended Xho I site of pSE1107 to generate the 
full-length hFKBP-Gal4 activation domain protein fusion. 

3. Mutant hFKBPU cDNA libraries hFKBP12 may be digested with EcoRI and 
Hindm, blunted and cloned into pASl (Durfee et al, supra) that has been cut 
with Ncol and blunted. This plasmid is further digested with Ndel to eliminate 

35 the Ndel fragment between the Ndel site in the polylinker sequence of pASl and 
the 5' end of hFKBP12 and religated. This generated the hFKBP12-Gal4 DNA 
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b ^?n n T Pr ° teinfUSi0n - ^ Pwasrea -P^edwithp rim ers # ll )0 6 
and #11210, Primer Table: 



11266 
SNdFK: 



Ndel 



S'-GGAATTC CaTatS GGC CTG CAG G-3' 



H M G V 0 
3S.-FK37: S'-CTGTC CCG GGA NNN NNN NNN TTT CTT TCC ATC TTC AAG 

11208 s^I X X K K 6 D f L • ' 
3S«FK27: S.-CTGfT^ GGA ATC AAA TTT CTT TCC ATC TTC AAG CA" 

WW NNN NNN GTG CAC CAC F GCA K GG-3« G ° E L M 

11209 X U " V V C 

3^,38: V-CGC (iGATCC TCA TTC CAG TTT TAG AAG CTC CAC ATC NNN 

cNOEtKLLFvnv 
NNN NNN AGT GGC ATG TGG-3* 

^ X T A H P 

11210 JtajW ' 

3BraFK: S'-CGC GGA TCC TCA TTC CAG TTT TAG AAG C-3' 
END E L K L I 

5 Primer Table: Primers used in the construction of a 

regionally localized HFKBP12 cDNA library for use in screening 
for compensatory mutations. 

J^^^l**— -.**»«*». and wereinsertedinto teGaM 
bmd,n S d°mata-N^(NdeI/BainHI) cre,^ 

« galctosidase) that are integrated into the genome and are driven by Gal4 
promoters. (Durfee, supra.) 
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Using Calcineurin-Gal4 Activation Domain as Bait The FKBP12-FK506 
complex binds with high affinity to calcineurin, a type 2B protein phosphatase 

system, only those FKBPs from the cDNA library that contain a compensatory 
mutahon generate a transcriptional activator. For convenience, one may prepare 
at least three distinct libraries (using primers 11207-11209, Primer Table) that 
will each contain 8,000 mutant FKBP12s. Randomized sites were chosen by 
inspecting the FKBP12-FK506 structure, which suggested clusters of residues 
whose mutation might allow binding of Reoffending C9 or C10 substituents on 
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25 



30 



35 



andaWnrmpedFKSO*. ™e ,„,e^ on ^ ^ J> 

. III T^'^^^^"""'^^ 

*»^"»~y MA. on FKBP12. Hc^ever. mutations ^ j, 

^^»ithcaldne u rin aS aMtM s ,a,a»adt n « hFKBP12-Gal4 

hoot Th.nv^ ^ m ^ ]6 >™yte synthesized and used as a 
hook The FK506 mo,ety o( the Hao.2 can bind the FKBP12^4 activation 

out medmm and to express ihralactosidase. In this „,y, the selection is b.L 

The same subsrraove screen*,, sfcategy can be used ,„ dirnj.v.te fajse 

positives. 

In addition to the in vitro binding assavs dossed earlier, an in vivo 
^yrnaybeu^tode^ethe^^ (the 

tecon 1 pe. S a to r y hFK B P12 mit an te . mthe^sttwc.hybddsys^al 
.ctmtyrsde^ed^fedesreeofinteraeuo,,^^,,,, 

™«2 motors can be esrirn,^ by ^corresponding B-gaiactosidase 
^vrnes produced by host yeasts a. different HED (naHve-FKBOe^umped- 
hK506) concentrations. 

Using the same strategy, additional randomized mutant FKBP12 cDNA 
libraries may be created in other bump-contact residues with low-affinity 
compensatory FKBP12 mutants as templates and may be screened similarly. 

Phage Display Screening for High-Affinity Compensat ry FKBP Mutations 
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Some high-affinity hFKBP12 mutants for bump-FK506 may contaii. 
several combined point mutations at discrete regions of the protein. The size of 
the library mat contains appropriate combined mutations can be too large for 
the yeast two-hybrid system's capacity (e.g., >1()8 mutations). The use of 
5 bacteriophage as a vehicle for exposing whole functional proteins should greatly 
enhance the capability for screening a large numbers of mutations. See e.g. Bass 
et al, Proteins: Structure, Function & Genetics 8 4 (1990): 309-14; McCafferty et 
al, Nature 348 6301 (1990): 552-4; and Hoogenboom, Nud Acids Res 19 15 
(1991): 4133-7. If the desired high-affinity compensatory mutants is not be 

10 identified with the yeast two-hybrid system, a large number of combined 
mutations can be created on hFKBP12 with a phage vector as a carrier. The 
mutant hFKBP12 fusion phages can be screened with bumped-FK506-Sepharose 
as an affinity matrix, which can be synthesized in analogy to our original 
FK506-based affinity matrices. Fretz et al, J Am Chem Soc 113 4 (1991): 1409- 

15 1411. Repeated rounds of binding and phage amplification should lead to the 
identification of high-affinity compensatory mutants. 

(C) Synthesis of "Bumped (CsA)2s": Modification of MeVal(ll)CsA 
As detailed above, we have demonstrated the feasibility of using 

20 cydophilin as a dimerization domain and (CsA)2 as a HOD reagent in the 
context of the cell death signaling pathway. However, to further optimize the 
cellular activity of the (CsA)2 reagent one may rely upon similar strategies as 
described with FK1012s. Thus, modified (bumped) CsA-based oligomerizing 
reagents should be preferred in applications where it is particularly desirable for 

25 the reagent to be able to differentiate its target, the artifidal protein constructs, 
from endogenous cydophilins. 

One class of modified CsA derivatives of this invention are CsA analogs 
in which (a) NMeValll is replaced with NMePhe (which may be substituted or 

30 unsubstituted) or NMeThr (which may be unsubstituted or substituted on the 
threonine betahydroxyl group) or (b) the pro-S methyl group of NMeValll is 
replaced with a bulky group of at least 2 carbon atoms, preferably three or 
more, which may be straight, branched and/or contain a cydic moiety, and may 
be alkyl (ethyl, or preferably propyl, butyl, induding t-butyl, and so forth), aryl, 

35 or arylalkyl. These compounds indude those CsA analogs which contain 

NMeLeu, NMelle, NMePhe or specifically the unnatural NMefbetaMePhe], in 
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place of MeValll. The «(b)'< CsA compounds are of formula 2 where R 
represents a functional group as discussed above. 




1 (R = Me) : CsA 

2 (R * Me) : Modified [ MeVal 11 ]CsA 




10 



15 



This invention further encompasses homo- and hetero^imcrs and higher 
order oligomers containg one or more such CsA analogs. Preferably the 
compounds and oligomers comprising them in accordance with this invention 
bmd to natural, or preferably mutant, cyclophilin proteins with an affinity at 
least 0.1% and preferably at least about 1% and even more preferably at least 
about 10% as great as the affinity of CsA for cyclophilin. 

A two step strategy may be used to prepare the modified 
IMeValUjCsA derivatives starting from CsA. In the first step the residue 
MeValll is removed from the macrocycle. In the second step a selected amino 
aad is mtroduced at the (former) MeValll site and the linear peptide is 
cydized. The advantage of this strategy is the ready access to several modified 
IMeVal ]CsA derivatives in comparison with a total synthesis. The synthetic 
scheme is as follows: 
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1. CH 3 SQ 3 H. THF, 50°C 

2. (AcO) 2 , Pyridine, THF, rt 

90% 




Me 



O Me J f 
Me 



DIBAL-H, 
THF-40°C 



Me 



O Me 
t II H 1 



Me V M< b Me 

Me^-QH OH Me J 

Me 

Me 




9 ,, Me O Me 
LCF3SO3H. / A H nh 1 m 
THF, reflux ^NH^f- NH H 0 / V\ 



7 



2. NaOH aq 




Me' 




1. (BOC) 2 0. DMAP, 
CH2CI2 

2. 3 (R'= feu), PyBrop, 
OIEA 



^ NBOC 




'f o Me 



Me 
Me' 



Me 



TFA, CH 2 CI 2 

BOP, DMAP, 
CH2CI2 



10 

To differentiate the amide bonds, an N,0 shift has been achieved 
between the amino and the hydroxyl groups from MeBmtl to give IsoCsA 
(Ruegger et al, Helv Chim Acta 59 4 (1976): 1075-92) (see scheme above). The 
reaction was carried out in THF in the presence of methanesulfonic acid. (Oliyai 
15 et al, Pharm Res 9 5 (1992): 617-22). The free amine was protected with an 
acetyl group with pyridine and acetic anhydride in a one-pot procedure. The 
overall yield of the W-acetyl protected IsoCsA is 90%. The ester MeBmtl- 
MeValll bond is then reduced selectively in the presence of the N-methyl amide 
bonds, e.g. using DIBAL-H. The resulting diol is then transformed to the 
20 corresponding di-ester with another acid-induced N,0 shift. This will prepare 
both the N-acetyl group and MeValll residues for removal through hydrolysis 
of the newly formed esters with aqueous base. 

After protection of the free amino group the new amino acid residue is 
introduced e.g. with the PyBrop coupling agent. Deprotection and cyclization of 
25 the linear peptide with BOP in presence of DMAP (Alberg and Schreiber, 

Science 262 5131 (1993): 248-250) completes the synthesis of 2. The binding of 



-88- 



WO 95/02684 

PCT/US94/08008 

a cydophUin prole L ^ ^ ' Mm """^ "W* «««*« can bind to 
least one such CsA or ...v. * J Tr^^^'* 80D,rocMatafa 8» 

M«<ant cydophiltas DM btad our posWon „ 

» debited ta Ulem oi 2 r^ UbSm ^ Sa ^ ,>rotorob 
It is evident from the above results «,.*». ... 
»mposib„ns provide for™., e ^ te '^'*e object method and 
vanetvorpurLI ^ T ^P^Wceusforawide 

widevariefyofUfeamestaahost rh-ei,*. ^ W " 

^-•eMcanonssoastoplt^^^^ 

add ie o,onecanprovide fo rce^^^2r, ProteCt ' 0n ' " 
such as an anatomic site or a hmcti™, T , . "» a particular site, 

» provided. "bere therapeutic effect maybe 

Cells can be provided which will resulf i n c ~, -u- r 
proteins, which may serve to correct^ fi f T ^ ° f 

jr uiyuc ceus, to inactivate a destructive a^ent m mii « 
restricted cell population, or the like By havineth. T 
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By usmg relatively simple molecules which bind to cWric membrane 
^'^P^resulnng^ 

the expression of products, one can provide for cellular therapeutic treatment 
The compounds which may be administered are safe, can be administered in a 

5 vanetyofwavs^andcaner^eaveryspecmci^ponse^oasnottoupset 
homeostasis. 

All publications and patent applications cited in this specification are 
herein incorporated by reference as if each individual publication or patent 
application were spedficaUy and mdividually indicated to be incorporated by 
10 reference. J 

Although the foregoing invention has been described in some detail by 
way of illustration and example for purposes of clarity of understanding, it will 
be readily apparent to those of ordinary skill in the art in light of the teachings 
of ^-venuon^ 

15 without departing from the spirit or scope of the appended claims 
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We claim: 

1 . A DNA construct encoding a chimeric protein comprising 

(a) at least one receptor domain capable of binding to a 
selected ligand, and 

(b) a heterologous protein domain capable of initiating 
apoptosis in a cell containing said chimeric protein 
following exposure of the cell to the ligand, 

said ligand being capable of binding to two or mote chimeric protein molecules. 

2. A DNA construct of claim 1 wherein the chimeric protein further 
comprises an intracellular targeting domain capable of directing the chimeric 
protein to a desired cellular compartment 

3. A DNA construct of claim 2 wherein the intracellular targeting domain 
comprises a secretory leader sequence, a membrane spanning domain, a 
membrane binding domain or a sequence directing the protein to associate with 
vesicles or with the nucleus. 

4. A DNA construct of claim 1 wherein the chimeric protein has a Kd value 
for binding to the selected ligand of less than or equal to about 10-6 M. 

5. A DNA construct of claim 1 wherein the selected ligand is less than 
about 5 kDa in molecular weight. 

6. A DNA construct of claim 1 wherein the heterologous protein domain 
comprises the cytoplasmic domain of human Fas or a human TNFa receptor. 

7. A DNA construct of any of claims 1-6 wherein the chimeric protein is 
capable of binding to an FK506-type ligand, a cyclosporin A-type ligand, 
tetracycline or a steroid ligand. 

8. A DNA vector containing a DNA construct of any of claims 1-7 and a 
selectable marker permitting transfection of the DNA construct into host cells 
and selection of transfectants containing the construct. 
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9. A DNA vector of claim 8 wherein the vector is a viral vector. 

10. A viral vector of claim 9 which is an adeno-, adeno associated- or 
retroviral vector. 

11. A chimeric protein encoded by a DNA construct of any of claims 1-7. 

12. A cell containing and capable of expressing at least one DNA construct 
of any of claims 1-7. 

13. AceUofdaimnwruchbecomesapoptoticanddiesfoUcnvingcontact 
with the selected ligand. 

14. A cell of claim 12 which is a mammalian cell. 

15 . A cell of claim 13 which further contains 

(a) a DNA construct encoding a chimeric protein comprising (i) at 
least one receptor domain capable of binding to a second selected 
ligand and (ii) another protein domain, heterologous with respect 
to the receptor domain, but capable, upon oligomerization with 
one or more other like domains, of triggering the activation of 
transcription of a target gene under the transcriptional control of 
a transcriptional control element responsive to said 
bligomerization; and 

(b) a target gene under the expression control of a transcriptional 
control element responsive to said oligomerization; 

and which is capable of expressing the target gene following exposure of the cell 
to said second selected ligand. 



16. 



A cell of claim 13 which contains a series of DNA constructs encoding 

(a) a first additional chimeric protein containing a DNA-binding 

domain and at least one receptor domain capable of binding to ; 
first selected ligand moiety ; and 
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(b) a ^^'ional<W i cpro tetoOT „ billil , galraIBCri ^ aona] 
acbvahng domain „ ^ m ^ 

h^ngtoasecondsdectedlig^dlwhich^ybefte^,,, 
different fen, the ftst selected ligand moiety); am) 

ZTi, T 080,0 ttanSai «" i<>Ml — ■ which bm* L, the 

wh i d.^ I ^ lh e^ 8HlefoI|owtagE(posuretoa 

the selected ligand moiety(ies). S 

17- The use, to prepare a pharmaceutical composition for ablating a 
-faaung apoptosxs witn ^ ^ said ^ ^ 

linker— {rbmi, rbm2, . . .rbm n } 

"^ n :' n ^ 5. *m (1) ^ n) are receptor bidding 

^ch^cpro^,,^^^^^ 

linked ( — ) to two or more rbm moieties. 
18. 



The use, of claim 17, of a ligand to prepare a pharmaceutical 
composition for ablating a population of genetically engineered cells wherein the 
hgand has a molecular weight less than about 5 kDa 



19. The use, of claim 17, of a ligand to prepare a pharmaceutical 
composition for ablating a population of genetically engineered cells wherein the 
hgand comprise an FKSOS-type moiety, a cyclosponn-type moiety, a steroid or 
tetracycline 

20. The use, of claim 17, of a ligand to prepare a pharmaceutical 
composition for ablating, population of genetically engineered cells wherein the 
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ligand binds to a naturally nm,mn, 

10-5M. " °° CUmng ***** • value greater than about 

modiBed at C9, CIO or both. ' " Wdn " * *«of . 

azalkylene C6-C241U iuT ^Mnpnang a C2-C20 alkylene, C4-C18 

28- A method of claim 27 whirh fiirfW 
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30. A kit of claim 29 which further comprises a ligand to which one or more 
of the chimeric proteins encoded by the DNA constructs) bind. 

31. A kit of claim 29 which further comprises a monomeric ligand reagent as 
an antagonist for ligand-chimeric protein binding. 

32. A host organism containing a cell of any of claims 12 - 16. 

33 A host organism of claim 32 which is a plant or animal organism. 

34. An animal of claim 33 which is a worm, insect or mammal. 

35. A mammal of claim 34 which is a mouse or other rodent or a human. 
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Construction of intracellular signalling chimera: 
1. PCR myristoylated CD3£ 



SacH 



^ Myristoylation sequence from c-Src 
Xhol P#8908 




11 CD3C 



San 




yl/^StopCodon 



.EcoRI 



P#8462 



SacO/Xhol 



SaH/EcoRl 



CD3C 



2. Cut and clone PCR fragment 



Myristoylation 
Sequence 

SacII 



SacH/Xhol 
I I 



I 



I 



Ligate 
EcoRI 



*The MZE series contains a 9aa 
HA epitope at the 3' end. 



pBJ5 (Xhol)(SaH) 
SaH/EcoRI 



Xhol 



San 



CD3C 



p#MZ 







FKBP1 2 





3. SEQUENCE insert From plasmid #FK12/KS 

4. Cut at Xhol or Sail and 
add FKBP domains 



SacH/Xhol 



(S/X) 



SaD/EcoRI 







i i 




CD3C 


11 


FKBP12n 









plasmid #MZFn 



SacH/Xhol 



(S/X) 



San/EcoRI 











y 


FKBP1 2n 




CD3C 
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Construction of extracellular signaling chimera: 
1- p CR murine signal peptide 



\^ ^ P#6048 

~ f SP/IE | 

^~\^ P#6049 

Sad' Xhol 



SP/IE 



2. PCR CD3 trans-membrane 
and cytoplasmic domains 



Va 



P#6050 



Tac 



CD3C 




P#6051 



Xhol 



EcoRI 



■ 



CD3£ 



Sacll EcoRI 



J 



Sacll Xhol 



— fck 



pBluescript 



EcoRI 



CD3£ 



plasmid #SPZ/KS 
SEQUENCE insert* 



Cut Xhol 
Figure 3A/21 
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3. PCRFKBP12 
\ P#6052 



FKBP12 



Xhol 



I 




P#6053 



Sail 



FKBP12 



Xhol 



Sa 



FKBP12 



pBluescript 



Sacll Xhol 



Isolate Sacll-EcoRI 
fragment. Clone into 
polylinker of expression 
vector, pBJ5 (based on 
PCDL5-SR ce 
MCB: 8, 466-472) 



Xhol 



Sail 



Xhol 



pBluescript 



Sail 



Cut Xhol/Sall 







FKBP12 


pBluescript 



Xhol 



plasmid#FK12/KS 
SEQUENCE* 

EcoRI 



CD3? 



p#SPZ (Xhol;CIP) 



J 



Sacll Xhol (Sall/Xhol) 



EcoRI 



SPIFKBP 



pBluescript 



■ 







1 9 03 





P#1FK1/KS 
Ligate FKBP1 2 
Isolate Z/FKBP dimer 
Repeat XholjCIP 
Isolate 2/DKBP trimer 



Sacll Xhol (S)(X) (S)(X) (S)(X) 

— [sp |fkbpi2 |fkbpi2 [fkbpTT^ " 



EcoRI 



CD3£ 



1- 



plasmid #1FK3/KS 
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6048 



H ' E a k -SP | 



6049 

sadi j — homQlo gy 

6048: 5'-CGACACCGCG6CCACCATGGCCACAATTGGAGC-3' 



Xhol 



Kozak M A T I G 
homology 

.cr — i 



6049: S'^GACACTCGAGAGCCCATGACTTCTGG 

LAWS 




Asp-GyHH 

6050: CG ACA CTc"g"a"g CTC TGC TAC TTG CTA GGT GGA ATC CTC TTC - 3 * 

ELC YL L G Gl L F 

*AtoG 

homology 
EcoRI | j 

6051: 5' GC G A ATTCTTA GCG AGG GGC CAG C - 3 ' 

St R P A L * GtoC 

3'Sal m homology 

EcoRI Sail [ -— 2 j 

8462: 5' GCGAATTCTTAGTCGAC GCG AGG GGCCAG GGT C- 3 ' 

St R PAL 

homofogy 
Cys-Gly #2 



. Xhol * | 
7129: 5' GGG CTCGAG CTC GGC TACTTG CTA G - 3 ' 

L G Y L L *TtoG 

Figure 4A/21 
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Xhol 



r 



homology 



I 



5 '-CGACACTCGAG GTG ACG GAC AAG GTC - 3 ' 

homology 



Sail 



r 



l 



5 '-CGACA GTCGAC CCA ATC AGG GAC CTC - 3 



Xhol 



BsiWI 



7850: 5 '-TCGAG TAT CCGJACGAC GT A CCA GAC TAC GCA G - 3 ' 

YPYD VPDYA 

Sail 

7851: 5 '-TCGAC TGC GTA GTC TGG TAC GTC GTA CGG ATA C - 3 ' 

EPITOPE: 5SEP, 3XEP 

Sail 

8922: 5 '-TCGAC TAT CCG TAC GAC GTA CCA GAC TAC GCA C - 3 ' 

Xhol 

8923: 5 '-TCGAG TGC GTA GTC TGG TAC GTC GTA CGG ATA G - 3 ' 



Myristoylation from c-src 5SMX2 



8908: 



Va 



Tac 



8912: 



Sacll 



r 



5'-CG^CACCGCGGC^ACCATGGGGAGTAGCAAGAGCAAGCCT 
KOZAKM G S S K S K P 



Xhol { C-homology 



AAGGACCCCAGCCAGCGCCfcGAGAGGAGTGCAGAGACTG-3' 
K 0 P S QRLERSAET 



SXTZ 



CD3? 



homology 



Xhol f 



1 



5'-CGACACTCGAG GAG CTCTGTGAC GATG - 3' 
E L C D D 
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homology 



Asp-Lys #4 Xhol | 

8061 : S'-CGACACTCGAG CTCTGCTACTTG CTA AAG GGA ATC CTCTTC - 3 * 



* * 



E LCYLL KG ILF 



homobgy 



"GATtoAAG 



#4 Extension Xhol |— 

8907: 5 '-CGACA CTCGAG CTG CTG GAT CCG AAG CTCTGCTACTTG CTA AAG - 3 ' 

EL LDP KLC YLLK 



TAC-Tm #3 
7220: 



Xhol 



homology 



r 



5'-CGACA CTCGAG ACAACAGAGTAC CAG GTAGC- 3' 
E T T E Y Q V 



immunophilin 



FKBP12 



6052: 



6053: 



Xhol 



homology 



r 



5 '-CGACACTCGAGGGCGTG CAG GTGGAG AC- 3' 
E G V Q V E 



homology 



Sail f 



I 



5 '-CGACA GTCGACTTC CAG TTT TAG AAG C-3" 
V E L K L L 



FKBP13 
8460: 



8461: 



Xhol 



homology 



i 



5 '-TCG ACA CTCGAG" ACG GGG GCC GAG GGC - 3' 
E T G A E G 

homology 



Sail |— 

5'-CCGACA GTCGAC CTCTATTTT GAG CAGC-3' 
V E I 
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Figure 6A/21 
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Saefl Xhol 
I I 



I 



(S/X) 
I 



(S/X) 
I 



Sail (X/S) EooRI 

LA/ 



^3 i^S^S^ISi^^ ll^^^^S^^t? ^S^^iS^^J ss 



MZF3E 



Sadl Xhol 
I I 



Sail (X/S) EooRI 



MZE 



Cut Xhol/Sall; C!P; + FKBP12 X 3 



Sadl Xhol 



I I 



(S/X) 

L 



(S/X) 

! 



Sail (X/S) EooRI 



MF3E 



Sacll Xhol 



Xhol 



(S/X) 



I 



I 



(SflO 

I 



Sail (X/S) EcoRI 
JJ/ 



Xhol 



Sal! 



^ desired gene 



1. Cytoplasmic moiety of surface 
receptor 

2. Tyrosine Kinase 

3. Transcription Factor 

4. Others 



Sacll Xhol 



(S/X) 




^Vdesired gene '^TOf^ 



(S/X) 



Sail (X/S) EcoRI 



FKBP12 i 
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o 
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o 



pBJ5 + NFAT-SX 
MZE + NFAT-SX 
MZF1E + NFAT-SX 
MZF2E + NFAT-SX 
MZF3E + NFAT-SX 



100 




[FK1012B] ng/mi 
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Scheme 1 



SeOo 




FK520 



MeO< 





^OMe 






Iho h 






s^Me 






H aj Me. 

Me 7t 
=0 \ J 









MeCL 



L-selectride 



Me Me 




OMe 
Me 



As Before 



Me % 

O \ 



, 0 A N ^(LinI^ N X 0 ^M8 



H H 

FK1040A 



For examples of linkers see scheme 2 
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FK1040B 
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Scheme 2: Synthesis of Dimers 




2) fonnic acid / Lit ref : NH - Si S& & 

acetic anhydride or FJ * D" 111011 ** Ann. Rev. 

acetic anhydride Immunol. p519 1992 



lit refs: D.K. Donald etal. Tetrahedron 
Letters pl375, 1991, RKocovsky, 
Tetrahedron Letters p5521, 1992 
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Scheme 3 Heter dimerization 




Bump #1 prevents binding to 
wt FKBP12 and to mutant #2 

Bump #2 prevents binding to 
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Scheme 3: Synthesis of heterodimers 
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Figure 14/21 
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Figure 16 (#1)/21 
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Figure 16 (#2)/21 
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Figure 17/21 
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Figure 19/21 
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Figure 21A/21 
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